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THE  NEW  YORK  ACADEMY  OF  SCIENCES 

SECTION  OF  PHYSICS  AND  CHEMISTRY* 

THE  PREPARATION  OF  HIGHLY  CONCENTRATED 
NITROGEN-15  BY  CHEMICAL  EXCHANGE** 

By  W.  Spindel  and  T.  I.  Taylor 

Department  of  Chemistry,  Columbia  University,  New  York,  N.  Y. 


Chemical  exchange  reactions  first  suggested  by  Urey  and  his  co¬ 
workers  ^  2  as  possible  methods  for  separating  isotopes  have  proved  to 
be  particularly  suitable  for  concentrating  isotopes  of  the  lighter  ele¬ 
ments.  Several  of  the  reactions  that  have  been  used  and  the  equilibrium 
constants  calculated  from  spectroscopic  data  are  listed  in  table  1. 
References  are  included  both  for  the  calculation  of  the  constants  and  for 
the  application  of  the  exchange  reactions  to  actual  isotope  separation 
processes. 

In  order  to  utilize  the  small  differences  in  chemical  properties  for 
isotope  separation  it  is  necessary  to  multiply  the  single-stage  separation 
factor.  For  a  reaction  between  a  liquid  and  a  gas,  this  is  most  conven¬ 
iently  achieved  by  means  of  a  countercurrent  exchange  process  that  is 
essentially  similar  in  most  respects  to  a  continuous  distillation  system 
for  separating  2  closely  boiling  species.  Figure  1  is  a  diagrammatic 
representation  of  a  distillation  system  arranged  for  the  production  of  a 
component  that  concentrates  in  the  liquid  phase.  The  column  shown  can 
be  any  sort  of  fractionating  column  such  as  a  bubble  plate,  bubble  cap, 
or  packed  type,  designed  to  achieve  liquid-vapor  equilibrium  within  a 
minimum  height.  The  feed  liquid  enters  near  the  upper  end  of  the  column 
and  is  enriched  in  the  desired  component  as  it  descends.  In  the  section 
of  the  column  above  the  feed  point  the  ascending  vapor  is  stripped 
of  the  desired  component.  This  stripping  action  in  the  section  of  the 
column  above  the  feed  point  decreases  the  amount  of  feed  material  re¬ 
quired  for  a  given  rate  of  product  withdrawal.  The  still  pot  and  the  con¬ 
denser  at  the  ends  of  the  column  act  as  refluxers.  The  still  pot  converts 
enriched  liquid  to  vapor  and  returns  the  vapor  to  the  enriching  section  of 
the  exchange  column,  while  the  condenser  converts  the  depleted  vapor 
into  liquid  and  returns  this  liquid  to  the  stripping  section. 

When  the  desired  component  concentrates  in  the  vapor  phase,  the  feed 
point  is  placed  near  the  lower  end  of  the  column,  and  the  names  of  the 
output  streams  are  interchanged.  In  addition,  the  section  of  the  column 

*The  Section  of  Geology  and  Mineralogy  held  a  meeting  on  October  1956t  at  which 
James  R.  Arnold  of  the  Department  of  Chemistry^  Princeton  University,  Princeton,  N«  J., 
was  scheduled  to  deliver  a  paper  entitled  ^'Radioactivities  Produced  by  Cosmic  Rays*** 
The  speaker  was  unable  to  appear* 

*'*This  paper  was  presented  at  a  meeting  of  the  Section  on  October  2,  1956* 

The  work  described  in  this  paper  was  supported  in  part  by  a  grant  from  the  United 
States  Atomic  Energy  Commission,  Washington,  D*C*,  under  Contract  AT  (30-l)-755* 
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Table  1 

Calculated  Equilibrium  Exchange  Constants  at  25° C 


Reaction 

Equilibrium 

constant 

N“Hj(gas)+N*‘H4*(Aq.)  -►  N‘*Hj(gas)  +  N“H«* (Aq.) 

1.023 

HC‘»N(gas)  +  C‘*N~(Aq.)  -»  HC“N(gas)  +  C“N~  (Aq.) 

1.015 

S>«0,(gas)  +  HS“07(Aq.)  -»  S*>0,(gas)  +  HS*^Oj~(Aq.) 

1.014 

N‘’0(gas)  +  N‘«0,(liq.)  -►  N‘«0(gas)  +  N“0,(liq.) 

1.04 

N^’CKgas)  +  N‘«07(Aq.)  -►  N‘«0(gas)  +  N“Oj"(Aq.) 

1.09 

between  the  feed  point  and  the  still  pot  becomes  the  stripping  section, 
while  the  upper  portion  of  the  column  is  designated  the  enriching  section. 

It  may  be  noted  that  if  the  desired  component  concentrates  in  the 
liquid,  the  system  could  be  operated  by  introducing  the  feed  stream  at 
the  very  top  of  the  column  (dashed  arrow),  thus  utilizing  the  entire  ex¬ 
change  column  as  an  enriching  section.  The  waste  refluxer  would  thus  be 
eliminated,  and  vanor  venting  from  the  top  of  the  column  would  be  de¬ 
pleted  in  the  desired  component  by,  at  most,  only  one  stage  of  separation. 

The  similarity  between  distillation  systems  and  chemical  exchange 
systems  is  further  clarified  by  comparing  the  nature  of  the  refluxers 
used.  For  a  distillation  column,  reflux  is  provided  simply  by  a  source  of 
heat  at  one  end  and  a  cooling  condenser  at  the  other  end.  For  a  chemical 
exchange  isotope  separation  process,  reflux  at  the  ends  of  the  column  is 
accomplished  by  chemical  reactions  that  convert  the  element  of  interest 
into  either  a  liquid  or  a  gaseous  compound  at  the  appropriate  end  of  the 
exchanger.  Reflux  reactions  that  have  been  proposed  for  the  separation 
of  carbon-13  and  nitrogen-15  are  listed  in  table  2.  It  may  be  noted  that, 
for  the  exchange  between  cyanide  ion  and  HCN  gas,  the  desired  carbon 
isotope  concentrates  in  the  gas  phase.  The  feed  stream  in  this  process 
is  introduced  near  the  bottom  of  the  exchange  column,  and  the  reflux 
reaction  taking  place  in  the  lower  refluxer  is  the  waste  reflux  reaction. 

The  over-all  separation  in  a  multistage  fractionation  column  is  given 
by  the  equation*® 


where  S  is  the  over-all  separation,  Np  and  N/  are  the  mol  fractions  of 
the  desired  component  at  the  product  and  feed  ends,  respectively,  a  is 
the  effective  single  stage  enrichment  factor,  and  n,  by  definition  is  the 
number  of  theoretical  plates  or  separating  stages. 

A  number  of  requirements  for  economical  application  of  a  chemical  ex¬ 
change  reaction  to  the  large-scale  preparation  of  isotopes  have  been  out- 
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Table  2 

REFLUX  AT  ENDS  OF  A  COLUMN 


System 

Lower  reiluxer 

Upper  refluxer 

Distillation 

Still  pot 

Condenser 

Nh/  (soln)-NHj(gas) 
exchange 

Product  reflux: 

NH/  (soln)  +  alkali  -»  NHi(gas) 

Waste  reflux: 
NHsCgas)  +  acid  -» 
NH/  (soln) 

CN~(soln)-  HCN(gas) 
exchange 

Waste  reflux: 

CN~(soln)  +  acid  -»  HCN(gas) 

Product  reflux: 
HCN(gas)  +  alkali  -» 
CN~  (soln) 

HNOj(soln)-NO(gas) 

exchange 

Product  reflux: 

2HNOi  +  3SO,  +  2H,0  -► 

2NO  +  3H,S04 

W'asfe  reflux: 

NO  +  air  +  water  -* 
HNOj  (soln) 

lined  by  Clewett*’':  (1)  the  equilibrium  constant  should  be  other  than 
unity;  (2)  the  exchange  should  be  rapid;  (3)  a  means  of  multiplying  the 
single-stage  effect  must  be  available;  (4)  an  inexpensive  system  for  pro¬ 
viding  total  reflux  at  the  top  and  bottom  is  needed;  and  (5)  the  equipment 
for  multiplying  the  single-stage  effect  should  have  a  low  holdup  and  high 
throughput. 

For  systems  in  which  equilibrium  between  2  phases  is  established 
rapidly,  the  most  important  considerations  are  the  equilibrium  constant 
of  the  exchange  reaction  and  the  means  of  accomplishing  reflux.  Other 
things  being  equal,  the  size  of  a  system  required  to  produce  a  quantity 
of  material  with  a  given  mol  fraction  of  a  rare  isotope  is  inversely 
proportional  to  the  square  of  (a-1).  That  is,  a  system  about  4  times 
larger  will  be  required  if  a  is  1.02  as  compared  to  1.04. 

One  of  the  major  items  of  expense  in  producing  isotopes  by  chemi¬ 
cal  exchange  processes  is  the  cost  of  the  chemicals  required.  If  inex¬ 
pensive  chemicals  can  be  used  for  refluxing  at  the  ends  of  the  exchange 
column,  or  if  marketable  by-products  are  produced,  significant  economies 
can  be  effected  in  large-scale  production  of  concentrated  isotopes. 

Table  3  illustrates  some  of  the  problems  involved  in  producing  a 
highly  concentrated  isotope  by  chemical  exchange.  This  table  lists  some 
calculations  made,  using  the  formulas  of  Shacter  and  Garrett,'®  on  the 
number  of  separating  stages  and  reflux  ratios  required  to  produce  nitrogen- 
15  at  various  assay  levels  by  exchange  reactions  with  separation  factors 
of  1.02  and  1.05.  Here  a,  the  single-stage  separation  factor,  is  defined 
as  the  quotient  of  ratios  taken  after  a  single  stage  of  operation; 

N  is  the  number  of  separating  stages;  and  V/P,  the  reflux  ratio,  is  the 
ratio  of  the  mols  of  nitrogen  of  natural  abundance  fed  into  the  system  to 
the  mols  of  enriched  nitrogen  produced.  The  values  of  1.5  N  (min.)  and 
1.4  (V/P)  (min.)  were  arbitrarily  chosen  as  reasonable  for  a  cascade 
actually  producing  nitrogen-15.  For  example,  if  we  consider  an  exchange 
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Table  3 

number  of  Stages  and  reflux  ratios 


Per  cent 
N” 

re  quired 

Over-all 

separation 

Ellective 

single-stage 

(actor 

(a) 

Stages 

Reflux  ratio 

1.5 

N(min,) 

1.4 

V/P(min.) 

V/P(min.) 

60% 

404 

1.02 

455 

303 

11,326 

8,090 

1.05 

185 

123 

4,530 

3,236 

957o 

5,390 

1.02 

647 

431 

17,969 

12,835 

1.05 

270 

180 

7,187 

5,134 

99.9% 

269,000 

1.02 

947 

631 

18,900 

13,500 

1.05 

384 

256 

7,560 

5,400 

between  nitric  acid  and  nitric  oxide  where  a  is  approximately  1.05,  the 
production  of  99.9  per  cent  nitrogen-15  requires  384  separating  stages. 
For  every  gram  atom  of  99.9  per  cent  nitrogen-15  produced,  it  is  necessary 
to  convert  about  7500  gm.  mols  of  nitric  acid  to  nitric  oxide.  To  produce 
the  same  quantity  of  isotopes  by  the  ammonium  ion-ammonia  exchange 
reaction  where  a  is  about  1.02  would  require  about  947  stages;  for  each 
gram  atom  of  99.9  per  cent  nitrogen-15  almost  19,000  gm.  mols  of  am¬ 
monium  ion  would  have  to  be  converted  to  ammonia. 

The  interest  in  large-scale  nitrc^en-15  separation  lies  in  its  possible 
applications  in  the  nuclear  field  because  of  its  low  neutron  capture  cross 
section  and  the  high  solubility  of  most  of  its  nitrates.  If  problems 
associated  with  corrosion  and  radiation  decomposition  of  nitrates  can 
be  solved,  nitrogen-15  may  find  use  in  the  thorium  blanket  of  a  homo¬ 
geneous  breeder  reactor  for  producing  electrical  power.  Thorium  nitrate 
has  the  required  solubility,  but  the  thermal  neutron  absorption  cross 
section  of  nitrogen-14  is  1.9  barns,  while  that  of  nitrogen-15  is  2.4  x 
10'®  barns.  Ninety-five  per  cent  nitrogen-15  would  have  a  cross  section 
of  0.11  barns  and  would  be  suitable.  In  a  recent  report,  Hayford,  Johnson, 
Levin,  Shacter,  and  von  Halle*®  considered  several  possible  processes 
for  the  large-scale  production  of  nitrogen-15  for  homogeneous  nuclear 
reactors  and  concluded  that  chemical  exchange  was  the  most  feasible 
method  for  the  economical  production  of  isotopic  nitrogen. 

In  several  communications*^-*®  we  have  reported  experiments  on  the 
concentration  of  isotopic  nitrogen  by  a  chemical  exchange  process  that 
offers  significant  advantages  over  the  ammonium  ion-ammonia  exchange 
system.^*®*  *®  The  exchange  reaction  tends  to  concentrate  the  isotope  in 
the  solution  phase  and  may  nominally  be  written  as 

HN*‘‘03  +  ;?  HN*®03  +  N*^0 

Actually,  exchange  between  the  liquid  and  gas  phases  is  most  effective 
for  isotope  separation  at  a  nitric-acid  concentration  of  about  10  molar. 
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when  the  column  is  operated  at  room  temperature  and  atmospheric  pres¬ 
sure.  Under  these  conditions  the  solution  phase  contains,  in  addition  to 
nitric  acid  and  water,  NO,  NOj  ,  NjOj  and  HNOj ,  while  the  gas  phase  in 
equilibrium  contains  NO,  NO2  and  Nj  O4  and  HjO  vapor.  ^  The  effective 
a  for  the  exchange  is  actually  1.05  in  the  operating  system  as  compared 
to  the  theoretical  value  of  1.09  calculated  for  exchange  between  pure 
nitric  oxide  and  nitrate  ion,  but  this  value  of  a  compares  favorably  with 
a  for  the  ammonium-ammonia  exchange. 

The  equations  for  the  reflux  reactions  illustrate  some  of  the  novel 
economies  possible  in  this  process.  At  the  product  end  of  the  exchange 
column,  SO2  reacts  with  HNO3  to  form  NO  (with  some  NO2)  and  112804 
according  to  the  equations 

2  UNO3  *3  502  *  2  1120  3  H2SO4  +  2  NO 

2  UNO3  +  SO2  -  H2SO4  +  2  NO2 

The  reaction  is  rapid  and  complete  in  the  type  of  reflux  reactor  used. 
Less  than  5  parts  per  million  of  the  UNO3  flow  in  the  exchange  column 
have  been  found  to  escape  with  the  sulfuric  acid  from  the  bottom  of  the 
reactor. 

For  each  mol  of  sulfur  dioxide  used,  one  mol  of  sulfuric  acid  is  ob¬ 
tained  at  a  concentration  of  approximately  10  mols  per  liter.  Thus  the 
use  of  relatively  inexpensive  commercial  grade  SO2  and  the  production  of 
a  clienical  that  can  be  sold  as  a  by-product  contribute  to  lowering  the 
cost  of  this  reflux  operation. 

The  reflux  reactor  at  the  waste  end  of  the  column  converts  the  NO  and 
NOj  to  nitric  acid  by  reaction  with  air  and  water 

4  NO  *  3  O2  ^  2  H2O  -  4  IINO3 

The  low  cost  of  air  and  water  makes  this  part  of  the  process  economical. 
The  nitric  acid  can  be  returned  for  commercial  use,  since  reinoval  of  a 
fraction  of  its  nitrogen  isotope  does  not  measurably  affect  its  chemical 
properties. 

The  raw  .naterials  for  the  process  are  nitric  acid,  sulfur  dioxide,  air, 
and  water.  In  effect,  one  borrows  the  nitric  acid  to  remove  some  of  its 
nitrogen  isotope  and  returns  sulfuric  acid  for  the  sulfur  dioxide  used. 

A  laboratory-scale  exchange  system  used  to  study  the  effect  of  nitric 
acid  concentration,  pressure,  and  liquid  flow  rate  on  the  isotope  separa¬ 
tion  is  shown  in  figure  2.  Nitric  acid  entering  the  product  refluxer 
reacts  with  SO2  in  a  zone  about  10  cm.  long  in  the  packed  refluxer.  The 
reaction  zone  is  easily  detected  by  the  color  of  the  NO2  or  by  a  rather 
market!  rise  in  temperature  caused  by  the  exothermic  reaction.  A  photom¬ 
eter  cell  is  used  to  control  automatically  the  position  of  the  reaction 
zone  by  opening  a  by-pass  solenoid  valve  in  the  SO2  line  whenever  the 
color  of  NO2  in  the  cell  becomes  too  intense.  A  small  amount  of  water 
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(0.05  to  0.10  of  the  nitric  acid  flow)  is  added  at  the  top  of  the  refluxer  f 

to  maintain  the  partial  pressure  of  NOj  at  about  that  in  equilibrium  with  f 

the  nitric  acid  in  the  column. 

As  a  result  of  experiments  on  laboratory- scale  systems  such  as  those  f 
shown  in  figure  2  it  was  found  that  10  molar  nitric  acid  gave  the  opti¬ 
mum  over-all  isotope  separation.  The  isotope  exchange  rate  was  suffi¬ 
ciently  rapid  at  nitric  acid  concentrations  greater  than  8  molar,  as  evi-  ^ 

denced  by  reasonably  short  stage  heights  found  in  various  types  of  I 

packed  columns.  1 

At  nitric  acid  concentrations  as  low  as  2  molar  the  reaction  rate  was 
low,  as  evidenced  by  the  small  separation  obtained.  At  higher  acid  con¬ 
centrations  NO2,  N2O3,  and  HNO2  are  present  in  the  solution  phase 
along  with  nitric  acid,  and  one  or  more  of  these  probably  acts  as  an 
intermediate  to  speed  up  the  exchange. 

At  acid  concentrations  higher  than  10  molar,  the  increased  concentra¬ 
tion  of  dissolved  species  in  the  solution  phase  and  the  partial  pressure 
of  NO2  in  the  gas  phase  lower  the  value  of  a  (effective)  and  reduce  the  , 
over-all  isotope  separation  in  a  column. 

An  approximately  twofold  increase  in  the  operating  pressure  does  not 
lower  the  over-all  isotope  separation  achieved  in  a  column.  Curves  for 
the  over-all  separation  as  a  function  of  time  are  given  in  figure  3  for 
operation  at  atmospheric  pressure  and  in  figure  4  for  operation  at  1.9 
atmospheres.  Both  sets  of  experiments  were  carried  out  in  a  column  1.0 
cm.  I.  D.  and  1.5  m.  long,  packed  with  one  sixteenth-inch  glass  helices. 

When  the  flow  rate  was  increased  from  1.6  to  3.2  cc./cm.^/min.  at  at¬ 
mospheric  pressure  (figure  3),  there  was  a  marked  decrease  in  over-all 
separation,  probably  because  of  the  increased  linear  velocity  of  the  gas 
phase  in  the  exchange  column.  Figure  4  shows  that  the  same  increase 
in  flow  rate  at  1.9  atmospheres  does  not  significantly  affect  the  over-all 
separation. 

These  experiments  demonstrate  that  the  exchange  columns  can  be 
operated  at  pressures  greater  than  atmospheric,  with  a  corresponding  in¬ 
crease  in  flow  rate,  without  loss  in  over-all  separation.  This,  of  course, 
would  increase  the  production  of  isotopes  in  a  given  column  and  could 
be  important  so  far  as  the  commercial  application  of  the  method  is  con¬ 
cerned. 

The  effect  of  increase  in  pressure  in  the  NO-HNO^  exchange  system 
is  opposite  that  for  the  NH3-NH4NO3  exchange  system.^'®  In  the  latter  ' 

system,  it  was  necessary  to  operate  the  column  at  reduced  pressure  (~  8  J 

cm.)  in  order  to  lower  the  solubility  of  the  NH3  gas  in  the  liquid  phase.  ' 

The  increased  solubility  of  NO  at  increased  pressure  does  not  adversely  < 

affect  the  over-all  separation  for  the  NO-HNO3  system,  probably  because  < 

the  NO  reacts  with  the  nitric  acid  to  form  more  NjOj  and  HNOj  in  the  i 

liquid  phase.  These  serve  as  intermediates  in  the  exchange.  1 
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Figure  3.  Effect  of  flow  rate  on  over-all  separation  at  1.0  atmosphere  pres¬ 
sure  for  10  molar  nitric  acid. 

It  appeared  desirable  to  set  up  an  apparatus  to  produce  very  highly 
concentrated  nitrogen-15  by  the  nitric  acid-nitric  oxide  exchange.  First, 
it  was  felt  that,  by  actually  operating  a  system  producing  laboratory 
quantities  of  nitrogen-15,  one  could  directly  demonstrate  that  losses  of 
enriched  nitrogen  from  the  product  refluxer,  or  the  formation  of  non¬ 
exchanging  compounds  of  nitrogen  by  side  reactions  in  the  refluxer,  were 
not  of  sufficient  magnitude  to  prevent  the  production  of  enriched  nitrogen 
by  the  process.  Second,  it  was  felt  that  laboratory  quantities  of  very 
highly  concentrated  nitrogen-15  would  be  valuable  in  scientific  investiga- 
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FIGURE  5.  Mass  spectrum  of  99.9  per  cent  nitrogen-15. 

steady  state  separation,*®-^'  A  2-sta!?e  unit  was  chosen  in  order  to  keep 
the  number  of  product  refluxers,  intersta;?e  pumps,  and  lines  at  a  mini- 
mu. n.  The  main  function  of  the  cascade  was  to  demonstrate  the  feasibility 
of  the  process  rather  than  to  produce  quantities  of  enriched  material. 

The  cascade  system  constructed  and  some  of  the  results  obtained 
have  been  described  previously.*®  The  cascade  was  operated  for  14  days 
without  withdrawal  of  enriched  material  from  the  product  end  except  for 
30  cc.  atmospheres  per  day  of  nitric  oxide  for  isotopic  analysis.  After 
14  days,  the  cascade  had  reached  a  steady  state  separation  at  99  +  per 
cent  N*®.  Operation  was  continued  for  another  11  days.  During  this  time 
about  6  gm,  of  nitrogen  containing  99  +  per  cent  N*®  were  withdrawn 
either  as  nitric  acid,  or  as  nitric  oxide  containing  some  nitrogen  dioxide. 

Samples  were  reduced  to  elementary  nitrogen  before  analysis  for 
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Table  4 

PERCENTAGE  OF  NITROGEN-15  IN  ENRICHED  SAMPLE 

data  from  Spectra  in  figure  5 


Sample 

28 

Mass 

29 

30 

Background 

30* 

1.0 

<0.5 

Tank  nitrogen 

121.5  X  23.0**  -  2790 

20.5 

<0.5 

Liquid  product  4 

24 

6.0 

122  X  23.0  -  2810 

After  subtracting  background  peaks 


Tank  nitrogen 

2760 

19.5 

Liquid  product  4 

<0 

5.0 

2810 

*Peak  heights  all  measured  In  arbitrary  height  units* 

**Sensitivity  factor  for  shunt  5. 

Ratio  28/29  in  tank  nitrogen  ~  141.5. 

Ratio  30/29  in  liquid  product  4  ~  562. 

Per  cent  N*^  in  liquid  product  4  -  141.5/562  X  0.365  -  0.09  per  cent  N^*. 

Per  cent  N*’  in  liquid  product  4  “  99.91  per  cent  N*’. 

isotopic  content  on  a  mass  spectrometer.  The  most  enriched  sample 
analyzed  99.9  per  cent  N*®.  In  order  to  establish  the  exact  nitrogen-15 
abundance  of  this  sample  and  of  other  highly  enriched  samples,  it  is 
desirable  to  use  a  standard  sample  of  known  isotopic  composition  for 
comparison.  The  most  obvious  standard  for  comparison  is  nitrogen  gas 
of  natural  isotopic  abundance.  Nier^^  measured  the  nitrogen-15  abundance 
in  atmospheric  nitrogen  as  0.365  per  cent.  Although  the  “unknown” 
sample  of  enriched  nitrogen  gas  and  the  “natural”  nitrogen  standard 
differ  greatly  in  nitrogen-15  composition,  they  are  comparable  in  that  the 
standard  contains  a  small  amount  of  N*®  in  a  large  quantity  of  while 
the  unknown  contains  a  small  amount  of  in  a  large  quantity  of  N*®. 
A  comparison  of  mass  spectra  for  the  highly  enriched  and  natural- 
abundance  nitrogen  permits  a  precise  and  accurate  determination  of  the 
N abundance. 

Figure  5  shows  a  recorded  mass  spectrum  of  a  highly  enriched 
nitrogen  sample  together  with  a  spectrum  of  tank  nitrogen  and  a  spectrum 
showing  the  background  peaks  in  the  instrument,  all  taken  over  the  mass 
range  of  28  to  30.  It  may  be  noted  that,  while  the  mass  30  peak  of  the 
enriched  sample  is  comparable  in  magnitude  to  the  mass  28  peak  in  tank 
nitrogen,  the  mass  29  peak  in  the  enriched  sample  is  only  about  one 
quarter  of  the  29  peak  in  the  standard.  Table  4  indicates  a  sample 
calculation  of  the  percentage  of  nitrogen-15  in  an  enriched  sample.  One 
can  readily  determine  the  concentration  of  nitrogen-15  as  99.9  ±  0.01  or 
0.02  per  cent,  even  though  the  standard  sample  contains  only  0.365  per 
cent  nitrogen-15. 
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Table  5 

Cascade  Parameters  for  Nitrooen-15  concentration 


Ammonia-ammonium  ion  exchange’ 


Three  stage 

Exchange 

section 

1 

2 

3 

Length 

24  m. 

12  m. 

7.5  m. 

Diameter 

7  cm. 

2.2  cm. 

1.0  cm. 

Feed  rate 

70  cc./min.* 

7.5  cc./min.* 

0.85  cc./min.* 

concentration 
in  feed 

0.365% 

2.617. 

18.97. 

Production  rate  and  concentration:  0.63  gm./day  N‘*  at  72.8  % 


*Sixty  per  cent  by  weight  of  ammonium  nitrate  solution* 


/Vifric  oxide  ~~  nitric  acid  exchange 


Cascade 

Two 

s  (  a  ^  e 

Exchange 

section 

1 

2 

Length 

5.2  m. 

5.5  m. 

Diameter 

2.5  cm. 

0.9  cm. 

Feed  rate 

15  cc./min.** 

0.75  cc./min.** 

N*’  concentration 

in  feed 

0.3657. 

~5.07. 

Production  rate  and  concentration:  0.5  gm./day  at  99*  % 


♦♦Ten  molar  nitric  acid. 

It  is  interesting  to  compare  the  cascade  system  used  by  Thode  and 
Urey®  to  concentrate  nitrogen-15  by  exchange  between  ammonia  and  am¬ 
monium  ion  with  the  system  used  in  the  present  research.  A  brief  tabu- 
lary  summary  is  presented  in  table  5. 
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SECTION  OF  BIOLOGY 

I.  EFFECTS  OF  VARIOUS  FACTORS  ON  THE  SYNTHESIS  OF 
ASCORBIC  ACID  BY  THE  AMERICAN  COCKROACH 
PERI  PLANET  A  AMERICANA  L.* 

By  Gerald  Rousell 

Department  of  Biology,  Fordham  University,  New  York,  N.  Y,  and 
Saint  Francis  Xavier  University,  Antigonish,  Nova  Scotia 

Ascorbic  acid  has  been  reported  in  the  tissues  of  a  number  of  insects. 
However,  very  few  studies  have  been  carried  out  concerning  its  synthesis 
by  insects.  Wollman,  Giroud,  and  Ratsimamanga  (1937)  have  presented  in¬ 
direct  evidence  that  the  cockroach  Blatella  germanica  is  able  to  bring 
about  this  synthesis.  They  raised  cockroaches  under  aseptic  conditions 
for  15  years  on  a  vitamin  C-free  diet  and  found  that  they  contained  as 
much  ascorbic  acid  as  specimens  that  were  fed  a  diet  containing  the 
vitamin.  Gamo  and  Seki  (1954)  reported  that  homogenates  of  pupal  fat 
bodies  of  the  silkworm  Bombyx  mori  were  able  to  convert  mannose  into 
vitamin  C.  The  purpose  of  the  present  work  was  to  determine  the  optimal 
conditions  for  the  synthesis  of  ascorbic  acid  by  homogenates  of  the 
cockroach  Periplaneta  americana.  The  effects  of  the  nature  of  the  sub¬ 
strate,  concentration  of  substrate,  concentration  of  homogenate,  pH, 
length  of  incubation  period,  temperature  of  incubation,  and  addition  of 
manganese  ion  to  the  solution  were  determined.  Experiments  were  also 
carried  out  using  homogenates  of  only  fat  bodies. 

In  these  investigations  the  homogenates  were  incubated  with  the  sub¬ 
strate  under  the  desired  conditions,  and  the  ascorbic  acid  content  was 
measured  by  the  method  of  Roe  and  Keuther  (1943),  as  modified  by 
Schaffert  and  Kingsley  (1955).  In  the  spectrophotometer  readings  2  blank 
tubes  were  used:  one  containing  no  homogenate  to  set  the  instrument, 
and  another  containing  homogenate  that  was  not  incubated  and  which 
indicated  the  original  amount  of  ascorbic  acid  in  the  tissue. 

The  results  show  that  the  monosaccharides  —  mannose,  glucose, 
fructose,  galactose,  and  xylose  —  and  also  the  disaccharide  sucrose 
were  utilized  as  precursors  in  the  synthesis  of  ascorbic  acid.  Mannose 
produced  the  greatest  amount,  18.6  ^g./gm.  and  xylose  the  least,  7.2 
fig./gm.  A  substrate  concentration  of  5  x  10-^  M  was  optimal  with  a 
synthesis  of  18.4  fig./gm.  A  3-hour  incubation  period  was  found  to  be 
optimal,  an  average  rate  of  6  ^g./gm. /hr. being  synthesized.  A  slightly 
acid  medium  (pH  6.8)  proved  to  be  the  most  favorable  for  ascorbic  acid 
synthesis.  Most  rapid  synthesis  occurred  in  the  temperature  range  between 
25°  and  30°  C.  The  addition  of  manganese  ion  to  the  incubation  mixture 
did  not  result  in  an  increased  synthesis.  Twenty  per  cent  homogenate 

*Thi8  article^  illustrated  with  lantern  slides,  was  the  first  of  two  papers  presented  at 
a  meeting  of  the  section  on  October  8,  1956* 
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concentration  proved  to  be  the  most  effective,  producing  19.2  /rg./gm. 
Homogenates  of  fat  bodies  produced  greater  amounts  of  ascorbic  acid 
(26.0  ^g./gm.)  than  homogenates  of  whole  insects  (18.6  fig./gm.). 

The  values  reported  for  fat  body  homogenates  are  somewhat  lower 
than  those  reported  by  Gamo  and  Seki  (1954)  for  homogenates  of  fat 
bodies  of  prepupa,  1-day  and  2-day  pupa  of  Bonibyx  mori.  The  tempera¬ 
ture  of  25°  C.,  optimal  in  these  tests,  agrees  with  the  results  reported  by 
Gamo  and  Seki  (1954). 

These  results  do  not  exclude  the  possible  role  of  microorganisms 
present  in  the  mycetocytes  of  the  fat  bodies  (Gier,  1936). 

References 

Gamo,  T.  &  H.  Seki.  1954.  On  the  variation  of  the  content  of  ascorbic  acid 
during  development  and  metamorphosis  of  the  silkworm,  Bombyx  mori.  J. 
Sericult.  Sci.  Japan.  13(a):  63. 

Gier,  H.  T.  1936.  The  morphology  and  behavior  of  the  intracellular  bacteroids 
of  roaches.  Biol.  Bull.  71:  433. 

Roe,  J.  &  C.  Kuether.  1943.  Determination  of  ascorbic  acid  in  whole  blood 
and  urine  through  the  2,  4-dinitrophenylhydrazine  derivative  of  dehydro- 
ascorbic  acid.  J.  Biol.  Chem.  147:  399. 

SCHAFFERT,  R.  R.  &  G.  R.  KINGSLEY.  1955.  A  rapid,  simple  method  for  the 
determination  of  reduced,  dehydro-  and  total  ascorbic  acid  in  biological 
material.  J.  Biol.  Chem.  212:  59. 

WOLLMAN,  E.,  A.  GIROUD  &  R.  R  ATSIMAMANG A .  1937.  Synthese  de  la  vitamine 
C  chez  un  insecte  Orthopt^re  {Blatella  germanica)  en  4levage  aseptique. 
CompL  rend.  soc.  biol.  124:  434. 


THK  NEW  YORK  ACADEMY  OF  SCIENCES 


19 


II.  THE  CHROMATOGRAPHIC  SEPARATION  OF  AMINO  ACIDS 
FROM  INSECT  BLOOD* 

By  Donald  S.  Po  Chedley 

Department  of  Biology,  D’YouviUe  College,  Buffalo,  N.  Y. 


Paper  chromatography  is  one  of  the  most  versatile  of  modem  analytical 
methods  for  separating  mixtures  of  organic  and  inorganic  compounds. 
Since  only  a  few  micrograms  of  material  are  required  for  analysis,  this 
method  has  contributed  to  the  rapid  increase  of  data  concerning  free 
amino  acids  of  insect  haemolymph.  Publications  of  Auclair  (1953)  and 
Auclair  and  Maltais  (1954)  provide  useful  summaries  of  its  entomological 
applications.  This  report  deals  with  specific  details  of  the  chromato¬ 
graphic  method  employed  for  the  identification  of  the  free  amino  acids  in 
the  blood  of  larvae  of  the  Oriental  beetle,  Anomala  orientalis. 

Amino-acid  separation  was  accomplished  by  the  descending  method  of 
Consden,  Gordon,  and  Martin  (1944)  and  the  ascending  technique  of 
Williams  and  Kirby  (1949).  The  appraisal  of  flow  and  the  partitioning 
patterns  indicate  that  the  main  mass  of  the  partitionable  substance 
preceded  its  tail  (comet  formation)  during  descent  and  followed  it  during 
ascent.  Since  tail  formation  sometimes  obscures  other  closely  partitioned 
components,  the  use  of  both  procedures  aided  identification  of  the 
separated  compounds. 

Analyses  of  a  range  of  blood  volumes,  deproteinized  by  the  method  of 
Pratt  (1950),  indicated  that  amounts  of  from  1  to  5  jA..  were  most  suitable 
for  study.  Too  large  a  volume  caused  the  spots  to  overlap,  while  smaller 
quantities  yielded  partition  products  below  the  indicator  reagent’s  range 
of  sensitivity  (Pratt  and  Auclair  1948).  The  diameter  of  the  sample  at 
the  origin  was  restricted  to  approximately  2  mm.  Concentrated  material 
may  be  applied  over  a  larger  area  than  a  dilute  sample,  as  the  latter 
assumes  a  peripheral  distribution  at  the  origin  which  is  responsible  for 
irregularly  shaped  spots. 

Standard  solutions  containing  0.025  mg.  per  ml.  amino  nitrogen  of  each 
amino  acid  were  run  in  each  of  the  solvents  used  in  this  study.  Data 
were  thus  obtained  concerning  the  homogeneity  of  the  compounds,  Rf 
values,  partitioning  characteristics,  and  solvent  reactions.  A  mixture  of 
18  amino  acids,  used  for  2-dimensional  surveys,  revealed  relationships 
between  the  chemical  structure  and  the  partition  patterns  (Poison  1949). 
Specific  identification  of  the  blood  components  was  obtained  by  com¬ 
parisons  with  known  mixtures  of  the  reference  amino  compounds  (Auclair 

*This  paper»  illustrated  with  lantern  slides^  was  the  second  of  two  papers  presented  at 
a  meeting  of  the  Section  of  Biology,  October  8,  1956.  It  is  part  of  a  doctoral  dissertation 
submitted  to  Fordham  University,  New  York,  N,  Y«,  in  Febnaary  1956.  The  author  grate¬ 
fully  acknowledges  the  guidance  and  assistance  given  by  Daniel  Ludwig,  Fordham  Uni¬ 
versity,  Helpful  suggestions  were  made  by  H«  R,  Roberts,  National  Dairy  Research  Labo¬ 
ratories,  Long  Island,  N.  Y,,  and  by  J.  D,  Hilchey,  Quartemnaster  Research  and  Develop¬ 
ment  Center,  Natick,  Mass* 
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and  Dubreuil  1952)  and  the  one-dimensional  replication  method  of  McFarren 
(1951). 

Whatman  No.  1  filter  paper,  used  throughout  this  study,  gave  con¬ 
sistently  good  results  when  it  was  prewashed  with  the  solvent  to  condi¬ 
tion  it  physically  and  chemically  for  the  run  (Schute  1952,  Miller  1956). 
The  washed  papers  were  ruled  with  2  parallel  lines  1  cm.  apart  and  about 
2  to  5  cm.  from  the  edge  of  the  sheet.  The  line  closer  to  the  edge  repre¬ 
sented  the  submersion  limit  of  the  paper  and  insured  a  constant  origin- 
solvent  distance  for  all  chromatograms.  Variations  of  this  distance  were 
associated  with  fluctuating  Rf  values  of  the  partitioned  compounds.  In 
this  study,  papers  32  cm.  in  length,  run  from  15  to  18  hours  at  25°  C., 
satisfied  partitioning  requirements.  The  results  of  different  chromato¬ 
grams  are  more  easily  compared  when  the  papers  are  of  standard  length. 
Prior  to  the  run,  the  papers  with  the  samples  applied  were  equilibrated 
with  the  tank  atmosphere  for  at  least  2  hours.  It  was  necessary  to  line 
the  large  tanks  with  filter  paper  saturated  with  solvent  to  avoid  atmos¬ 
pheric  stratification,  which  impairs  the  efficiency  of  the  run,  especially 
during  the  ascending  flow. 

The  temperature  must  be  held  constant  while  the  run  is  in  progress 
since  variations  will  induce  water-logging  of  the  paper,  partitioning  dif¬ 
ficulties,  and  altering  of  the  atmosphere  and  the  solvent.  While  chromato¬ 
grams  may  be  obtained  through  a  wide  range  of  temperatures,  it  is  ad¬ 
visable,  for  purposes  of  repetition,  to  make  all  runs  at  the  same  temper¬ 
ature. 

Papers  were  thoroughly  freed  of  solvent  by  air  drying  before  applying 
the  ninhydrin  reagent,  particularly  when  phenol  or  cresol  solvents  had 
been  used.  Since  the  reactivity  of  ninhydrin  varies  from  one  lot  to  another, 
it  was  necessary  to  test  the  effectiveness  of  each  new  batch.  Spraying  or 
dipping  with  the  indicator  caused  the  formation  of  colored  spots,  indi¬ 
cating  the  presence  of  amino  compounds.  The  ninhydrin  reaction  detects 
not  only  a-amino  acids,  but  also  other  types  of  amino  compounds,  fi- 
alanine  and  taurine  were  located  after  copper  complexes  had  been  formed 
with  the  a-compounds  (Grumpier  and  Dent  1949).  Identification  of  the 
individual  amino  acids  was  made  by  color,  by  Rf  value  (which  is  constant 
for  a  substance  under  a  given  set  of  conditions),  by  comparison  with 
standard  runs,  and  by  chromatogram  maps. 

The  procedure  was  made  Quantitative  by  the  methods  of  McFarren  and 
Mills  (1952)  and  Block,  Durrum  and  Zweig  (1955).  Quantitative  readings 
augment  the  validity  of  qualitative  results.  Transmission  values  for  an 
amino  acid  that  partitioned  separately  in  one  solvent  but  overlapped  with 
another  compound  in  a  different  solvent  were  variable.  These  differences 
were  resolved  by  tentatively  listing  the  possible  amino  acids  of  close  Rf 
values,  making  runs  in  several  different  solvents,  until  transmission 
values  were  constant. 
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Table  1  contains  the  solvents,  the  pH  and  Rf  values,  the  partitioned 
compounds,  and  the  references  that  were  found  to  be  most  suitable. 
Solvents  were  tested  periodically  by  noting  their  partitioning  effect  upon 
the  amino-acid  standards.  Phenol,  cresol,  2,6-lutidine,  and  collidine  are 
quite  stable.  Partitioning  irregularities  due  to  volatility  and  esterification 
of  alcohol  solvents  may  be  avoided  by  preparing  this  type  of  solvent  prior 
to  the  run. 

Table  1 


I 


Solvents,  Rf  Values,  and  Amino  Compounds  of  Blood  of  the 
Oriental  Beetle  Larva 


Compound 


R{  values  and  solvents* 


A 

B 

C 

D 

E  F 

G 

H 

I 

J 

K 

L 

M 

a- Alanine 

48 

14 

16 

60 

28 

46 

37 

45 

/8- Alanine 
a-Amino-n- 

60 

48 

butyric  acid 

31 

34 

43 

Arginine 

Asparagine 

28 

19 

38 

26 

17 

18 

Aspartic  acid 

10 

10 

19 

21 

Cy  Stine 

Glutamic  acid 

13 

15 

17 

31 

25 

Glutamine 

48 

27 

Glycine 

Histidine 

23 

38 

37 

35 

23 

37 

Isoleucine 

83 

80 

Leucine 

86 

85 

Lysine 

40 

18 

Methionine 

Ornithine 

69 

55 

52 

22 

Phenylalanine 

70 

48 

76 

Proline 

Serine 

27 

65 

29 

36 

T  aurine 

Threonine 

Tryptophane 

32 

41 

68 

40 

40 

29 

41 

Tyrosine 

Valine 

56 

42 

46  38 

Solvent 

pH  values 

A  —  phenol 
B  —  phenol 
C  —  phenol 
D  —  meta-cresol 
E  —  meta-cresol 
F  —  2,6-lutidine 
G  —  collidine 
H  —  phenol 
I  —  2,6-lutidine- 
collodine 

J  —  n-butanol-acetic  acid 
K  —  n-butanol-formic  acid 
L  —  t-butanol-formic  acid 
M  —  collidine 


pH  2.0 
pH  7.5 
pH  IZO 
pH  8.4 
pH  9.7 
pH  9.0 
pH  12.0  J 


McFarren  (1951) 


Block,  Durrum,  and  Zweig  (1955) 


Block,  Durrum,  and  Zweig  (1955) 
Woiwod (1949) 

Wiggins  and  Williams  (1952) 
Underwood  and  Rockland  (1954) 
Taurog,  Tong,  and  Chaikoff  (1950) 


*The  amino  compounds  used  for  reference  and  the  organic  solvents  were  obtained  from 
the  Eastman  Organic  Chemicals  Department,  Rochester,  N,  Y, 
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The  21  free  amino  acids  and  3  derivatives  identified  in  the  blood  of 
Oriental  beetle  larvae  by  this  method  are:  a-alanine,  /3-alanine,  a-amino- 
n-butyric  acid,  arginine,  asparagine,  aspartic  acid,  cystine,  glutamic  acid, 
glutamine,  glycine,  histidine,  isoleucine,  leucine,  lysine,  methionine, 
ornithine,  phenylalanine,  proline,  serine,  taurine,  threonine,  tryptophane, 
tyrosine,  and  valine. 

Paper  chromatography  is  one  of  the  most  efficient  of  available  methods 
for  the  analysis  of  insect  blood.  This  technique  has  the  advantages  of 
simplicity,  ease  of  operation,  rapid  interpretation,  and  high  sensitivity. 
Meticulous  care  in  the  control  of  temperature,  equilibration,  spot  diameter 
of  the  sample,  indicator  reagent,  solvent-origin  distance,  and  partitioning 
potential  of  the  solvents  is  necessary  if  consistent  results  are  to  be 
attained. 
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SECTION  OF  MATHEMATICS  AND  ENGINEERING* 

THE  APPLICATION  OF  THE  STRING-NET  ANALOG  IN  PROBLEMS 
ON  THE  TORSION  OF  SHAFTS  WITH  KEYWAYS** 

By  Peter  L.  Tea 

Department  of  Drafting,  College  of  the  City  of  New  York,  New  York,  N.  Y. 

Introduction 

Saint-Venant  derived  the  partial  differential  equation  and  the  bound¬ 
ary  condition  (equations  3  and  5),  the  solution  of  which  will  give  the 
stress  distribution  over  the  right  section  of  any  prismatic  shaft.  He 
solved  the  problem  for  a  few  sections  only:  the  ellipse,  the  equilateral  tri¬ 
angle,  the  square,  and  the  rectangle,  all  cases  in  which  the  mathematical 
method  is  suitable.  Shafts  with  keyways  require  resort  to  some  analog, 
such  as  the  soap  film  suggested  by  Karl  von  Prandtl,  the  string  net, 
calculating  machines  that  can  solve  partial  differential  equations  with 
boundary  conditions,  and  the  powerful  method  of  relaxation  developed  by 
Southwell. 

The  equation  of  Saint-Venant  and  the  boundary  condition  can  take  dif¬ 
ferent  forms.  It  is  necessary  in  this  introduction  to  develop  briefly  these 
3  forms  in  order  to  clarify  the  suitability  of  the  individual  forms  for  the 
methods  of  numerical  solution  listed  above. 

The  3  Forms  of  Partial  Differential  Equations  and  the 
Corresponding  Boundary  Condition  that  Governs 
THE  Problem  of  Torsion 

The  Theory  of  Saint-Venant:  Form  1 

The  z  axis  will  be  taken  parallel  to  the  surface  elements  of  the  pris¬ 
matic  shaft  and  passed  through  the  center  of  inertia  of  any  right  section 
of  the  shaft.  The  x  and  the  y  axes  will  lie  in  the  plane  of  the  section,  in 
any  orientation,  and  pass  through  the  center  of  inertia  of  the  section. 

Saint-Venant  assumed  the  deformations  at  any  point  of  the  section  to 
be 

u  =- xyz,  v=axz,  w=a4)  (1) 

where  a  is  the  angle  of  twist  per  unit  length  of  shaft  and  the  right  section 
deforms,  under  the  action  of  the  torque,  to  the  surface  w  =  a<f>. 

Under  the  imposed  deformations,  2  stress  components  remain  in  the 

*The  Section  of  Psychology  held  a  meeting  on  October  15,  1956,  at  wdiich  a  paper 
''Relations  Between  Auditory  Psychophysics  and  Auditory  Electrophysiology"  was 
presented  by  Walter  Rosenblith  of  the  Massachusetts  Institute  of  Technology,  Cambridge, 
Mass.  This  paper  will  be  published  in  the  December  issue  of  the  TRANSACTIONS* 

**This  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
on  October  19,  1956* 
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general  equations  of  the  theory  of  elasticity,  the  x  and  the  y  components 
of  shear  stress 


where  jx  is  the  modulus  of  elasticity  for  shear,  and  cf>  must  satisfy  the  I 
equation  of  Laplace: 

^  ^  =  O  (3) 

Bx"  By 2  1 

There  is  a  boundary  condition  to  be  satisfied:  the  prismatic  surface  of  | 
the  shaft  must  be  free  of  stress.  The  resultant  of  the  stress  components 
(equation  3),  must  be  tangent  to  the  shaft  surface.  This  condition  is  j 
expressed  by  equation  4,  figure  1,  l 

cos  (x,n)  +  cos  (y,nj  =  0  (4) 

where  (x,n)  and  (y,nj  are  the  angles  between  the  normal,  n,  to  the  bound-  i 
ary  measured  outward  from  the  boundary  and  the  x  and  the  y  axes  respec-  ' 
tively. 

The  boundary  condition  can  be  given  a  more  convenient  form  shown  in 
EQUATION  5.  Using  EQUATIONS  2  and  4  and  the  expansion  of  B<^/B  n, 
the  boundary  condition  becomes  | 

—  cos  (x,nj  +  ^  cos  (’y,nj  =  y  cos  (x,nj  -  X  cos  (y,!!)  (5)  ^ 

Bi?  Bx  By 

t 

The  boundary  is  unknown  until  (p  is  found.  While  the  condition  shown  in 
EQUATION  5  can  be  applied  in  the  use  of  the  string  net,  the  remaining  2  ^ 

forms  are  much  easier  to  use. 

Form  2  oi  the  Equation  and  the  Boundary  Condition  that  Governs  the  I 
Torsion  Problem  ' 

The  function  (x,y)  (equation  3),  which  satisfies  the  equation  of 
Laplace  has  a  conjugate  form  i/z  (x,y),  for  which  the  relations  are 

B^^,  and  O  (6,7) 

Bx  By  By  Bx  Bx2  By2  j 

The  boundary  condition  for  0  takes  on  a  new  form.  From  equation  5  ^ 

and  cosCx,!])  =  ,  cos(y,n)  =  £f.,  and  (figure  1)  j 

Bn  Bs  ds  ds  i 

|:^=y^+x^and0  =  kx2+y2)  +  C  (8,9) 

Bs  ds  ds  ^  1 

The  right  section  (that  is,  of  the  boundary  only)  of  the  shaft  is  distorted  J 
to  assume  the  form  shown  in  equation  9,  while  equation  7  governs 
within  and  up  to  the  boundary.  This  boundary  can  be  built  to  any  scale. 
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over  which  a  string  net  can  be  strung  to  satisfy  equation  7.  The 
constant  C  can  be  taken  as  zero  for  solid  shafts. 


Form  3  of  the  Equation  and  the  Boundary  Condition  that  Governs  the 
Torsion  Problem 

Prandtl  suggested  the  function  (equation  10)  over  the  boundary,® 

=  xp  -V2  (x^  +  y2)  (10) 


The  differential  equation,  equation  11,  now  takes  on  the  form  of  a 
special  case  of  the  equation  of  Simeon  D.  Poisson, 


3x2^ 


=  0 


(11) 


The  boundary  condition  for  the  0  function  is  a  constant  C;  a  plane 
right  section  which  can  be  taken  through  the  origin  for  solid  shafts. 
Equations  2  take  on  the  simpler  forms  of  equations  12 


T 

zx 


The  resultant  shear  stress  at  any  point  x,y  is 


R  =  /i.aG 

where  G  is  the  gradient  of  the  surface  yp  at  that  point,  and 


I 


(12) 

(13) 

(14) 
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which  has  a  scalar  value  independent  of  the  algebraic  signs  of  the  de¬ 
rivatives. 

The  reaction  of  the  stresses  (equations  12)  form  a  couple,  T 
(equation  15). 

T  =  2/ia  JJ  iji  dxdy  =  2/^aC  (15) 

where  C  is  the  volume  under  the  surface  0  to  t//  =  0. 

In  terms  of  equation  2,  the  torque  reaction  is 

T  =  fj.al^  +  y|j)  (16) 

where  Ip  is  the  polar  moment  of  inertia  of  the  section.  For  <^  =  O,  the 
torque  reduces  to  T  =  /xa/^.  Equation  5  for  <^  =  0  defines  the  section  as 
that  of  a  circle,  the  only  section  for  which  T  =  /xa/^.  For  the  circular 
shaft  the  right  sections  remain  plane  on  the  twisting  of  the  shaft  under 
torsion.  The  shaft  with  noncircular  section  will  give  more  torque  reaction 
than  the  calculation  by  polar  moment  alone  indicates.  The  value  of  fi  is 
obtainable  from  round  shafts,  not  readily  from  a  square  shaft.  For  solid 
shafts  the  circular  form  of  shaft  is  more  efficient  in  the  use  of  metal. 

The  Form  oi  (f>  for  Square  Shafts 

Figure  2  shows  a  picture  of  the  approximate  form  of  the  surface 
IV  =  ok/),  for  the  twist  a=  1.  From  equation  a,  at  point  A, 


Figure  2.  Surface  w  =  oup  of  a  right  section  of  a  square  shaft,  twisted  left 
hand. 
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and  changes  sign  at  B,  and  the  slope  is  equal  to  y  from  y  =  a  to  y  =  0, 
with  corresponding  values  on  the  rest  of  the  border.  The  axes  remain  in 
the  plane  and,  for  the  square  section,  the  diagonals  remain  in  the  plane. 
The  surface  for  any  section  can  be  obtained  from  the  net  by  using 
the  relations  shown  in  equations  6. 


Figure  3.  The  string  net. 


The  String  Net  Analog 


The  String  Net;  the  Loaded  Poisson  Net 

Figure  3  shows  a  series  of  y  strings  parallel  to  the  Zy  plane,  with 
equal  spacing,  h,  crossed  by  a  series  of  x  strings  parallel  to  the  Zx 
plane  and  with  the  same  spacing,  h.  Each  string  is  tied  at  one  end  to  the 
boundary;  at  the  other  end  each  string  passes  over  a  low-friction  pulley 
and  is  attached  to  a  weight,  or  to  a  spring.  The  strings  project  orthogonally 
to  a  square  plot,  h  by  h,  on  the  xy  plane.  A  loop  of  thread,  about  three- 
fourths  in.  diameter  is  tied  by  a  slip  knot  over  the  crossing  strings  to 
form  a  node.  The  2  strings  can  each  be  made  to  slip  in  the  knot  and  can 
be  adjusted  to  project  as  required. 

A  force  function,  F(x,y),  in  pounds  per  unit  of  projected  area  on  the  xy 
plane,  times  h*,  acts  at  the  nodes,  in  the  direction  of  the  Z  axis,  and 
positive  in  the  upward  direction.  Actually,  weights  are  very  convenient 
to  use;  the  surface  is  reversed.  Each  node  is  in  independent  equilibrium 
under  the  load  Fh*  and  the  tensions  of  the  4  string  segments  are  tied  to 
the  node.  For  node  Z  ,  in  equilibrium. 


2/^  =  0,  Fh^  +  sin  o^, 

2/^  =z  0,  Tg  cos  +  Tjj  cos  =  0 

2/  =  O,  T  cos  a  +  T,  cos  ol  =  O 

X  '  r  Til 


k  =  a,b,r,l, 


Figure  4.  An  irregular  star. 


The  weights  over  the  pulleys,  and  must  obey  equation  17; 


H'  cos  a  =  W'  cos  a  =  T  =  T  h 
cx  cx  cy  cy  o 


(17) 


The  weights  are  adjusted  at  the  pulleys  to  obtain  T  constant  per  unit 
width  in  the  projection  on  the  xy  plane  of  the  string  tension  at  the  pulley. 
The  tension  in  any  string  segment  will  be 

rh 


T  _  '  n  „ 

±  _  — — 

COS  CLj^ 


(18) 


It  follows,  from  equation  16,  that 

r  cos  OL  =  -  T.  cos  ol=T  =  t  h 

a  a  boo 

T  cos  a  =  -  r,  cos  a,  =  T  =  r  h 
T  r  I  1  o 

and,  from  the  first  of  equation  16, 

Fh^  +  Th  [tan  -  tan  +  tan  -  tan  =  0 
or 

Fh^  +  r[z^  +  Z^  +  Zj-4Z]  =0 

Equation  21  is  the  first  approximation  in  the  form  of  finite  differ¬ 
ences  of  the  second  order,  for  increments  of  length  h,  to  the  partial  dif¬ 
ferential  equation  of  Poisson  (equation  22): 


(19) 


(20) 


(21) 
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The  same  values  for  at  the  nodes  for  the  string  net  are  obtained  by 
Southwell,  using  his  method  of  relaxation.”* 

Regular  and  irregular  stars.  The  node  Z  has  4  strings  of  equal  length 
h  in  projection  on  the  xy  plane.  It  is  called  a  regular  star.  At  the  border, 
one  or  more  segments  of  a  star  will  often  be  shorter,  and  the  equation  of 
equilibrium  must  be  modified.  The  mean  force  at  node  Z^  (figure  4)  is 
now  F(A  +  B)  (R  +  L)/4,  and  the  mean  values  of  tension  will  be  7^  =r 
(A  +  B)/2  and  =  t(R  +  L)/2;  the  equilibrium  equation  for  the  irregular 
star  (  FiGUR  E  3)  will  be 


pi 

F—  + - 1 —  + - 1 — 

2t  R(L+R)  L(L+R) 


B(A+B)  A(A+B) 


[rl  as]  ° 


In  a  string  net  it  is  possible,  but  for  the  fact  that  it  would  complicate 
things,  to  change  the  tension  at  an  irregular  star.  By  using  the  same 
tension  right  through  the  irregular  star,  the  equation  of  equilibrium  be¬ 
comes 

f(A±ME±) +—£ +-I z  _  + 

4t/i  R  L  B  a  ^IR  L  B  a 


=  0  (24) 


To  balance  the  net.  The  string  net  will  automatically  solve  all  the 
equations  for  Z  values  of  the  net,  one  for  each  node  (equations  21  and 
24),  no  matter  how  many,  if  the  net  is  properly  balanced.  A  net  is  bal¬ 
anced  if  Tis  a  constant  for  all  strings  and  if  the  strings  are  adjusted  so 
that  they  project  orthogonally  on  the  rectangular  plot  on  the  xy  plane. 
The  2  conditions  are  necessary  and  sufficient  to  produce  a  balance  of 
the  net. 

The  convergence  of  finer  and  finer  nets:  limit  value.  If  z  =  z(x,y)  is  the 
exact  mathematical  solution  of  equation  22  for  a  given  boundary, 
assume  that  it  can  be  expanded  in  a  power  series.  Then,  using  Brook 
Taylor’s  expansion  theorem,  from  the  series  expansion  of  z  about  a  point 
z^  on  the  surface  for  x  =  ±h,  and  y  =  ±h,  h*  z  can  be  written  as 


The  solution  of  equation  21  for  the  Z  values  at  the  nodes,  by  string 
net  for  the  same  boundary,  at  the  same  scale,  will  be  in  contact  with  z  at 
the  boundary,  but  the  nodes  Z  will  not  be  on  z  at  any  other  point.  The 
amount  of  difference  is  found  by  experience  to  be  less,  as  the  number  of 
strings  is  doubled,  then  redoubled.  This  result  agrees  with  equation 
25;  as  h  becomes  smaller,  the  bracket  in  equation  25  becomes  smaller, 
and  EQUATION  25  approaches  the  difference  (equation  21)  after  adding 
Fh*T  to  both  sides  of  equation  25.  The  derivatives  of  even  and  higher 
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order  may  be  small  in  value,  suggesting  that  the  series  is  limited  to  the 
second  power;  this  would  be  indicated  by  the  closeness  to  the  parabolic 
form  taken  by  a  smooth  curve  through  the  nodes.  In  a  previous  paper,  the 
nodes  by  string  net  were  close  to  the  exact  mathematical  solution,  even 
for  coarse  nets;  but  the  sum  of  the  derivatives  of  the  fourth,  sixth,  etc. 
order  were  all  zero.  Franklin,  Wiener,  and  Courant^^^  discuss  the  limit 
value  of  nets.  Of  course  the  limit  value  at  singular  points  does  not  exist. 

The  nonloaded  net,  or  Laplace  net.  The  equation  of  equilibrium  for 
nonloaded  or  Laplace  nets  is  equation  21,  equation  23,  or  equa¬ 
tion  24  with  F  =  0.  All  the  problems  of  stress  distribution  over  the 
sections  of  shafts  under  torsion  given  in  this  report  (figures  14  to  19) 
were  solved  by  the  use  of  nonloaded  or  Laplace  nets,  form  2  (equation 
7)  with  boundary  (equation  8).  But  these  nets  were  preceded  by  the 
construction  of  the  nets,  form  3,  for  the  same  problems,  to  the  same  scale 
(equation  10).  The  agreement  was  within  experimental  error;  but  it 
was  infinitely  easier  to  double  and  redouble  the  number  of  strings,  using 
form  2. 

Symmetrical  nets.  One  symmetrical  part  of  the  section  of  the  shaft  can 
be  used  as  the  string  net.  Since  in  all  the  shaft  problems  2  keyways,  dia¬ 
metrically  opposite,  were  considered,  one-quarter  shaft  was  all  that  was 
needed.  The  planes  of  symmetry  are  at  x  =  O,  and  at  y  =  O.  The  additional 
necessary  condition  for  balance  of  the  net  is  the  finite  difference  equiva¬ 
lent  of  Bz/By=  O  at  all  nodes  on  the  x  string  of  symmetry  and  for  the 
corresponding  condition  for  the  y  string  of  symmetry.  For  diagonal  sym¬ 
metry,  or  symmetry  at  repeated  angles,  the  governing  equation  is  that 
Bz/Bn,  in  a  vertical  plane  normal  to  the  plane  of  symmetry,  is  zero. 

The  Soap-Film  Net;  The  Soap  Film 
The  Soap-Film  Net 

If  the  strings  in  a  string  net  were  somehow  held  in  contact  at  the  nodes 
but  with  zero  friction,  then,  for  a  full  star,  with  vertical  loading  (figure 

5). 


7=7.  =  T=T,  =  T/j  =  W  =W 

a  b  r  I  s  cx  cy 


in  absolute  value,  and 


(26) 


cos  =  -cos 

cos  a  =  -cos  a, 
r  I 

where  7^  is  the  tension  per  unit  width  on  the  surface; 
the  surface,  and  projects  on  the  xy  plane  as  a  variable. 
From  the  geometry  (figure  5) 


(27) 

is  constant  on 


Fj2  a=2h 
F,2  a  =  2h 

2  a 


(28) 


J 
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Figure  6.  The  net  for  a  square  shaft  under  torsion,  with  shear  lines  of 
equal  values  of 

For  equilibrium,  and,  reversing  the  direction  of  the  normal  and  of  the 
net 

T  h  a  +  T  h  a  +  Fh^  =  0  (29) 

s  r  s  a 

whence 

^+J-+-^=0  (30) 

1  2  s 

Equation  30  is  independent  of  the  axes,  hence  it  can  represent  the 
relation  at  any  node  of  the  net.  Equations  28  are  approximate,  and 
accurate  as  h  ~*0  as  a  limit,  hence  equation  30  is  the  equation  of  a 
surface  passing  through  a  boundary,  and  having  constant  tension  per 
unit  width  at  every  point  of  the  surface,  and  having  a  load  function  F(x,y) 
along  the  normal  to  the  surface  at  every  point,  per  unit  area  projected  on 


T 


Figure  7.  The  Universal  Frame  for 
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a  plane  perpendicular  to  the  normal  at  the  point  in  question.  The  surface 
is  called  a  minimal  surface;  it  is  the  surface  of  minimal  area  across  the 
boundary.  For  F  =  p,  a  constant,  it  would  represent  a  soap  film,  with  a 
constant  p/2  r  ,  where  t  is  the  surface  tension  of  the  film.  The  differ¬ 
ential  equation  of  a  minimal  surface  in  rectangular  coordinates  is 

(1  +  p^)  t  +  (I  +  q^)  r  -  2pqs  ^  fL _  n  (31)  I 

[/  +  p2  +  g2]V,  .r  I 

where  the  surface  is  solved  for  z,  and  > 

i 

p  =  z  .  q  =  z  .  T  =  z  ,  s  =  z  .  t  =  z  (32)  i 

f  M  y>  jjy*  yy  1 

If  the  boundary  is  constructed  for  a  low-scale  value  of  z,  the  gradient  » 
will  be  low  everywhere,  and  p*,  q*,  and  s  will  be  small,  and  the  equa- 
TiON  31  will  approach  the  equation  of  Poisson.  With  zero  pressure  dif-  j 


3) 


Figure  9.  The  ypnet  for  a  circular  shaft,  80  in.  in  diameter  with  2  keyways, 
10  in.  radius. 

ference  on  the  2  sides  of  the  soap  film,  the  surface  will  approximate  the 
equation  of  Laplace. 

The  skillful  experimentalists  Griffith  and  Taylor*®  managed,  with 
apparatus  of  superior  design,  to  obtain  accurate  values  for  the  stress  con¬ 
centration  in  shaft  keyways.  They  used  soap  films  with  pressure  differ¬ 
ence  p  and  form  3,  and  they  also  used,  and  preferred,  films  with  zero 
pressure  difference,  form  2. 


The  Universal  Frame  for  String  Nets 

Figure  6  is  a  photograph  showing  the  Universal  Frame  used  to  house 
more  than  50  nets.  Figure  6  shows  a  net,  loaded  for  form  3,  Poisson 
equation,  for  a  circular  shaft  in  torsion.  The  shaft  is  80  in.  in  diameter 
with  2  keyways  20  in.  wide  and  10  in.  deep,  with  fillets  of  5  in.  radius 
in  the  corners.  The  one-fourth  in.  steel  rods  permit  pulley  holders  to  slide 
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along  and  to  be  fixed  at  any  height  from  zero  to  40  in.  from  the  xy  plot. 
The  steel  rods  are  spaced  5  in.  apart.  A  pulley  holder  can  hold  a  one- 
fourth  in.  bar  horizontally,  4%  in.  long,  along  which  4  swing  bars  can  be 
fixed,  available  at  various  lengths,  spaced  five-eighths  in.  apart,  each 
carrying  a  pulley.  Nets  can  be  built,  for  a  symmetrical  quarter,  for  h  = 
40  in.,  20  in.,  10  in.,  5  in.,  and  2‘/2  in.,  %in.  corresponding  to80/rj,  where 
n  =  2,4,8,16,32,64,128,  respectively.  This  frame  was  built  to  house  the 
nets  for  square  and  round  shafts  (figures  5  to  19).  The  form  may  be 
changed  to  fit  a  group  of  sections  more  conveniently,  but  the  major  fea¬ 
tures  need  not  change.  It  is  truly  a  Universal  Frame. 

Nets  of  hexagonal  form  can  be  used  by  changing  the  position  of  the 
steel  rods  to  permit  3  sets  of  strings  to  cross,  forming  a  node. 

The  Universal  Frame  can  be  used  in  all  problems  involving  the  equa¬ 
tions  of  Laplace  or  of  Poisson:  in  problems  of  torsion,  beams  in  bending, 


T  '  '  '  1*.^ - 1 - - [ 


,  Figure  ll.  As  in  figure  10,  except  for  fillets  of  5  in.  radius. 

heat  transfer,  potential  distribution,  fluid  mechanics,  and  pressure  distri¬ 
bution. 

Nets  that  Form  Part  of  the  Report 

Figure  7  is  a  V  plot  obtained  from  a  loaded  or  Poisson  net  for  a 
square  shaft  in  torsion.  Curves  for  equal  values  of  'P  are  shown.  All  the 
j  nets  that  follow  (figures  7  to  19)were  obtained  by  using  form  2  (equa- 
1  T IONS  7  and  9)  and  the  nonloaded  net  of  Laplace.  The  scale  for  the 
0  boundary  is  given  in  equation  33. 

i  0  =.0124(x2-f  y2)  ■  (33) 

From  the  plot  ^  of  the  string  net  over  this  boundary,  values  of  the 
j  derivatives  (equations  34)  were  obtained,  from  which  the  value  of  G, 

-  the  gradient  of  the  S'  surface  at  the  point  was  calculated, 

.0248  X 

(  Ox  Ox 

I  ^=;^_.0248  y 

I  By  By 


(34) 


38 


TRANSACTIONS 


Figure  IZ  As  in  figure  lO,  except  fillets  of  2‘A  in.  radius. 

The  Scales  Used 

On  the  \p  plots  (figures  8  to  13)  the  readings  are  heights  of  the  ^ 
node  in  inches,  which  plot  is  actually  7.35  in.  above  the  zero  for  the  0 
surface.  The  G  plots  (figures  14-19)  are  based  on  the  0  plots  (fig¬ 
ures  8  to  13),  with  sequence  corresponding.  The  values  given  at  the 
nodes  of  the  G  plot  are  the  actual  G  values  of  the  <//  net  x  1000.  To 
obtain  the  shear  stress  values  at  the  nodes,  multiply  the  given  G  values  I 
by  10,  thus  bringing  these  values  into  agreement  with  the  stress  values  ' 
on  the  curves  of  constant  stress.  ( 

Remarks  | 

While  the  curves  of  equal  stress  agree  well  with  the  stress  values  at  } 
the  border  and  at  the  keyway  points,  further  study  is  required  to  locate 
the  exact  point  on  the  keyway  where  the  stress  is  maximum,  as  well  as  > 
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its  exact  value.  The  soap  film  has  the  advantage  of  continuity,  an  ad¬ 
vantage  that  is  important  for  this  very  purpose.  The  stress  rises  rapidly 
in  the  neighborhood  of  this  point;  interpolation  is  not  accurate.  A  finer 
net  in  the  vicinity  would  help;  further  investigation  is  necessary  in  this 
connection.  The  stress  in  the  keyway  comer,  with  fillet  radius  zero,  in¬ 
creased  as  the  finer  nets  were  used,  which  was  to  be  expected  since  the 
stress  is  infinite  for  a  sharp  re-entrant  angle.  For  the  other  values  of 
fillet  radius  the  stress  approached  a  definite  value. 
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Figure  13.  As  in  figure  10,  except  fillets  of  zero  Inch  rsdius. 
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Figure  16.  The  G  net  and  stress  distribution  for  a  circular  shaft,  the  i/*  net  > 
of  which  is  shown  in  FIGURE  10. 
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Figure  19.  The  C  net  and  stress  distribution  for  a  circular  shaft,  the  </>  net 
of  which  is  shown  in  FIGURE  13. 
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SECTION  OF  ANTHROPOLOGY 

JEHOVAH’S  WITNESSES  AND  THE  VALUES  OF 
AMERICAN  CULTURE* 

By  Joseph  Bram 

Department  of  Sociology,  New  York  University,  New  York,  N.  Y. 

This  discussion  represents  an  attempt  to  project  the  teachings  and  the 
activities  of  the  religious  movement  known  as  Jehovah’s  Witnesses 
against  the  total  background  of  contemporary  culture  in  the  United 
States.  This  discussion  does  not  aim  to  examine  the  accuracy  or  validity 
of  the  Scriptural  exegesis  adopted  and  taught  by  this  movement,  nor  is  it 
in  any  way  concerned  with  theological  controversy.  A  student  of  Jehovah’s 
Witnesses  cannot  fail  to  be  impressed  by  the  extreme  earnestness  of 
purpose  displayed  by  members  of  this  group  and  by  their  dedication  to 
their  faith.  Jehovah’s  Witnesses  definitely  deserve  to  be  approached  in 
the  spirit  of  George  Santayana’s  remark  to  the  effect  that  “the  feeling  of 
reverence  should  itself  be  treated  with  reverence’’  (White*).  One  should 
also  be  reminded  of  the  wise  pronouncement  of  Justice  Owen  J.  Roberts 
of  the  United  States  Supreme  Court:  “In  the  realm  of  religious  faith  and 
in  that  of  political  belief  sharp  differences  arise.  In  both  fields  the 
tenets  of  one  man  may  seem  the  rankest  errors  to  his  neighbor’’  (Pike^). 

As  in  the  cases  of  Mary  Baker  Eddy’s  Christian  Science  and  of  Joseph 
Smith’s  Church  of  Jesus  Christ  of  Latter-Day  Saints,  known  as  the 
Mormons,  Jehovah’s  Witnesses  is  a  religious  movement  completely  native 
to  the  United  States.  Most  of  its  followers,  although  not  all,  are  found  in 
the  United  States,  and  its  founder  and  leaders  have  been  natives  of  this 
country.  Thus,  in  analyzing  the  teachings  of  this  movement  and  in  specu¬ 
lating  on  the  nature  of  their  appeal  to  their  followers,  one  is  justified  in 
regarding  this  sect  as  possessing  a  diagnostic  value  of  some  importance 
to  the  student  of  American  social  and  cultural  dynamics. 

A  complete  history  of  the  movement  would  leave  little  room  for  analyti¬ 
cal  remarks.  Under  the  circumstances,  a  bare  outline  of  basic  facts  and 
chronology  must  suffice.  The  movement  owes  its  existence  to  Charles 
Taze  Russell,  subsequently  known  as  Pastor  Russell.  He  was  born  in 
Allegheny,  Pa.,  in  1852  of  Scottish-Irish  ancestry.  As  a  young  man  he 
was  influenced  successively  by  Presbyterians,  Congregationalists,  the 
Y.M.C.A.,  and  the  followers  of  William  Miller,  known  as  Millerites,  Ad¬ 
ventists,  or  Seventh-Day  Adventists.  Dissatisfied  with  the  existing 
doctrines,  young  Russell  turned  eventually  to  an  independent  study  of 
the  Scriptures  and,  in  collaboration  with  a  group  of  friends  and  followers, 
he  organized  a  Bible  study  group  in  Pittsburgh,  Pa.  This  was  the  nucleus 
of  the  movement  known  today  as  Jehovah’s  Witnesses.  Actually  this  last 
name  was  not  adopted  formally  until  1931  by  Pastor  Russell’s  successor, 

*This  paper  was  presented  at  a  meeting  ot  the  Section  on  October  22,  1956. 
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Joseph  Franklin  Rutherford,  better  known  as  Judge  Rutherford.  The  first 
pamphlet  by  Pastor  Russell  appeared  under  the  title  The  Object  and 
Manner  of  the  Lord’s  Return  in  1874.  In  1881  there  appeared  another 
small  booklet,  Food  for  Thinking  Christians,  summarizing  the  basic  be¬ 
liefs  of  the  new  group.  No  one  could  have  predicted  at  that  point  that 
these  modest  beginnings  would  be  followed  by  a  deluge  of  doctrinaire 
and  missionary  publications  running  to  millions  of  copies  printed  in 
nearly  80  languages. 

There  is  no  doubt  that  the  original  impulse  imparted  to  this  movement 
and  its  initial  success  should  be  credited  to  the  exceptional  persever¬ 
ance  of  its  founder  and  to  his  charismatic  personality.  Its  followers  were 
fortunate  in  finding  a  similarly  dynamic  and  dedicated  successor  in  the 
person  of  Judge  Rutherford,  who  was  to  direct  its  activities  for  the  26 
years  between  1916  and  1942.  Judge  Rutherford  was  born  at  Booneville, 
Mo.  in  1869,  of  farming  stock.  For  a  brief  period  he  practiced  law  in  his 
native  state.  In  addition  to  religious  enthusiasm  he  brought  to  the  or¬ 
ganization  great  administrative  and  propagandist  gifts.  He  was  also  a 
prolific  writer,  and  his  numerous  books  and  pamphlets  have  been  trans¬ 
lated  into  many  languages. 

Judge  Rutherford  died  in  January  1942  and,  shortly  thereafter,  the  con¬ 
trolling  organization  of  Jehovah’s  Witnesses  elected  Nathan  Homer  Knorr 
as  head  of  the  movement.  Mr.  Knorr,  who  was  born  in  Bethlehem,  Pa.  in 
1905,  became  associated  with  the  movement  as  a  very  young  man,  reached 
his  position  of  leadership  from  the  ranks,  and  proved  his  ability  at 
various  successive  levels  of  organizational  work. 

The  organization  and  the  very  concept  of  organization  are  dear  to  the 
hearts  of  Jehovah’s  Witnesses.  “Every  creature  in  the  Universe  must 
become  either  a  part  of  the  organization  of  God  or  a  part  of  the  organiza¬ 
tion  under  the  control  of  Satan’’  (Rutherford^).  God’s  Organization  in 
Heaven  (also  referred  to  as  Jehovah’s  Heavenly  Kingdom  or  the  New 
Jerusalem)  is  a  distant  realm  where  Jehovah  God  presides  over  count¬ 
less  spiritual  creatures  including  angels,  archangels,  and  cherubim,  and 
where,  in  1914,  Christ  was  installed  as  King. 

The  earthly  counterpart  of  God’s  Organization  is  believed  to  be  identi¬ 
fied  with  the  organization  of  Jehovah’s  Witnesses.  In  this  connection  it 
is  important  to  make  clear  the  fact  that  the  movement  claims  spiritual 
ancestry  far  beyond  the  local  American  manifestation  by  Pastor  Russell 
and  Judge  Rutherford.  Presbyter  Arius  of  Alexandria  (A.D.  256  to  336), 
exponent  of  a  Christological  viewpoint  known  as  Arianism;  the  12th 
century  Waldenses,  followers  of  Peter  Waldo  (fl. 1173-1179)  of  Lyon  in 
France;  the  15th  century  Lollards,  followers  of  John  Wycliffe  (1320?- 
1384)  of  England:  all  these  and  many  others  are  considered  to  constitute 
a  spiritual  lineage  extending  back  to  King  David,  to  Moses,  to  Abraham, 
to  Noah,  to  Enoch  and,  ultimately,  to  the  first  human  pair  created  by 
Jehovah  God  to  live  forever  under  his  theocratic  rule  in  the  Garden  of 
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Eden.  Thus,  practical  and  pedestrian  as  the  daily  routines  of  organized 
functioning  are  bound  to  be  in  this  world,  the  organization  of  Jehovah’s 
Witnesses  is  pervaded  by  the  proud  conception  of  its  mystical  role  as 
promoter  of  a  divine  mission  and  as  inheritor  of  a  sacred  truth. 

The  members  of  this  movement  do  not  claim  that  God’s  word  was  re¬ 
vealed  to  only  a  few.  In  their  view,  this  message  has  been  made  availa¬ 
ble  to  all  those  who  have  been  reached  by  the  Bible,  both  the  Old  and 
the  New  Testament  —  and  these  believers  constitute  a  sizable  portion 
of  past  and  living  mankind.  Misled  by  Satan  and  his  hosts  and  under  the 
influence  of  “false”  religions,  men  either  ignored  the  Bible  or  gave  it 
an  incorrect  interpretation.  Consequently,  although  Jehovah’s  Witnesses 
lay  claim  to  a  monopoly  on  truth,  they  reject  the  charge  of  supercilious¬ 
ness  on  the  ground  that  their  attitudes  represent  no  more  than  an  ex¬ 
pression  of  their  good  will,  which  they  show  by  studying  the  divinely  in¬ 
spired  Scriptures  and  recognizing  their  true  and  lucid  meaning.  All  of 
their  printing  and  preaching  activities  are  dedicated  to  the  end  of  sharing 
with  the  rest  of  men  what  is  to  them  the  self-evident  and  unequivocal 
Biblical  message. 

Consistent  with  their  basic  premises,  Jehovah’s  Witnesses  never 
hesitate  to  denounce  openly  and  aggressively  all  other  religions,  includ¬ 
ing  all  other  forms  of  Christianity.  They  use  the  term  “Christendom”  to 
allude  to  all  allegedly  “false”  forms  of  belief  and  worship,  and  reserve 
the  word  “Christianity”  for  themselves  and  their  spiritual  predecessors 
and  sympathizers.  Interfaith  fraternization  they  condemn  as  an  ex¬ 
pression  of  lack  of  conviction  and  of  the  desire  to  compromise  and  to 
achieve  peace  at  any  cost.  This  condemnation  of  all  established  religions 
extends  even  to  the  concept  of  a  “natural  religion.”  On  the  ground  that, 
since  men  live  in  different  environments,  face  different  problems,  and 
lead  different  ways  of  life,  “the  development  of  natural  religion  is 
bound  to  differ  in  various  sections  of  the  earth”  (What  Has  Religion 
Done  For  Mankind?^.  This  last  argument  is  not  in  conflict  with  the  views 
of  anthropologists.  In  the  presence  of  supernaturalistic  phenomena  claimed 
by  other  faiths,  Jehovah’s  Witnesses  tend  not  so  much  to  doubt  and 
question  the  substantive  reality  of  such  occurrences  as  to  ascribe  them 
to  the  activities  of  Satan  and  his  underlings.  They  apply  the  same  inter¬ 
pretation  to  the  power  of  communicating  with  the  dead  claimed  by  spiritu¬ 
alists,  and  they  view  the  gods  of  Hinduism,  as  well  as  the  mythological 
creatures  of  classical  antiquity,  in  the  same  light. 

This  condemnation  of  other  religions  is  not  limited  to  matters  of  faith, 
but  includes  various  religious  attitudes  as  well.  Thus,  they  are  unequivo¬ 
cal  in  rejecting  (1)  the  “peace-of-mind”  and  “peace-of-soul”  varieties 
of  faith;  (2)  appeals  to  religion  made  in  the  name  of  mental  therapy  or 
physical  healing;  (3)  religious  sentimentalism  exemplified  by  such  juke¬ 
box  records  as  “Are  You  Friends  with  the  King  of  Friends?”  and  (4)  re¬ 
ligious  revivals  based  on  what  they  call  the  emotional  shock  treatment. 


50 


TRANSACTIONS 


It  is  important  to  understand  that,  within  their  basic  premises,  Jehovah’s 
Witnesses  view  themselves  as  a  thoroughly  rationalistic  religious  move¬ 
ment.  They  discourage  individual  mysticism,  as  well  as  group  emotional¬ 
ism;  they  invite  conversion,  not  “on  faith”,  but  on  the  basis  of  reasoned 
textual  interpretation  alone.  This  didactic  and  bookish  orientation  un¬ 
doubtedly  operates  as  a  major  factor  in  the  selection  of  potential  con¬ 
verts.  It  is  remarkable  that  so  many  middle-class  Americans  of  our  time 
have  chosen  to  follow  a  movement  of  faith  based  entirely  on  Biblical 
exegesis.  One  should  add  at  this  point  that  places  of  worship  in  which 
Jehovah’s  Witnesses  congregate  are  devoid  of  all  pictorial  and  sculptural 
adornments;  that  hymn  singing  and  church  music  play  a  secondary  role; 
and  that  the  verbal  patterns  followed  by  their  preachers  and  discussion 
leaders  seem  to  avoid  oratorical  effects  and  emotional  undertones. 

This  is  not  to  say,  however,  that  the  message  of  Jehovah’s  Witnesses 
is  without  impact  on  human  emotions,  as  testified  by  their  persistent 
references  to  the  true,  substantive,  and  active  existence  of  Satan  and  to 
his  numerous  spiritual  and  human  underlings,  and  by  their  firm  belief 
that  the  world  in  whidr  we  live  is  in  Satan’s  hands  and  headed  for  an 
imminent  Armageddon,  the  Battle  of  the  Ages.  All  these  beliefs  make 
demonstrative  emotionalism  superfluous.  There  is  no  need  to  dramatize 
the  already  dramatic.  Only  an  incomplete  faith  calls  for  nonrational 
props.  What  are  Satan’s  role  and  origin  as  they  are  understood  by  Jehovah’s 
Witnesses?  When  Jehovah  God  created  Adam  and  Eve  to  enjoy  immortality 
in  the  Garden  of  Eden,  he  assigned  one  of  his  spiritual  creatures  (sons), 
the  Covering  Cherub  Lucifer,  to  watch  over  the  first  human  pair.  Lucifer 
was  a  perfect  creature,  but  allowed  himself  to  be  corrupted  by  envy  and 
vanity.  In  order  to  recruit  subjects  he  seduced  Eve  and  through  her  Adam 
into  disobeying  God’s  command  and  tasting  the  forbidden  fruit  (inter¬ 
preted  literally  as  a  fruit  of  a  tree).  This  sin  of  disobedience  brought 
death  and  corruption  into  the  world.  Only  Christ’s  voluntary  self-sacrifice 
(referred  to  as  Ransom)  restored  man’s  right  to  immortality.  This  im¬ 
mortality,  however,  will  be  enjoyed,  not  in  heaven,  but  on  earth,  and  not 
by  all,  but  only  by  those  who  will  live  through  the  Battle  of  Armageddon 
and  who,  after  a  reign  of  a  thousand  years  under  Christ,  will  be  judged 
worthy  of  a  deathless  existence  in  a  perfect  world. 

Jehovah’s  Witnesses  deny  the  immortality  of  individual  human  souls, 
as  well  as  the  very  existence  of  a  soul  separate  from  the  body.  The  dead 
are  asleep,  but  they  will  be  awakened  after  the  Battle  of  Armageddon  and 
given  a  “second  chance.”  Those  who  fail  will  be  returned  to  ultimate 
death  without  awakening.  A  special  reward  is  in  store  for  a  small  group 
of  144,000  particularly  worthy  servants  of  Jehovah  of  all  ages,  who  will 
be  taken  into  the  Kingdom  of  Heaven  for  an  eternity  at  the  throne  of  God. 
These  persons  are  known  as  the  Little  Flock. 

To  return  to  Lucifer’s  fate,  we  find  him,  after  the  episode  in  the 
Garden  of  Eden,  in  the  role  of  and  under  the  name  of  Satan  (the  “Ad- 
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versary”  in  Hebrew),  the  Deceiver,  the  Evil  One,  Serpent,  or  the  Devil 
(from  the  Greek  Diabolos).  By  Jehovah’s  decision  Lucifer  is  left  free  to 
contend  for  human  minds  with  the  forces  of  light.  Even  the  Heavenly 
Kingdom  was  open  to  him  until  1914,  when  Christ  cast  him  out  and  thus 
inaugurated  the  Second  Advent. 

At  the  Battle  of  Armageddon,  Satan  and  his  hosts  will  be  defeated, 
but  not  yet  destroyed.  After  a  period  of  one  thousand  years  they  will 
have  another  opportunity  to  contend  for  human  allegiance,  whereupon 
they  and  all  their  cohorts  will  meet  with  a  definite  end  which  will,  in  a 
sense,  conclude  the  drama  of  the  ages  and  inaugurate  an  eternity  of 
felicity  in  this  world. 

This  synoptic  account  of  the  image  held  by  Jehovah’s  Witnesses  of 
the  past,  the  present,  and  the  future,  is  not  peripheral  to  their  teachings, 
nor  in  any  manner  symbolic.  This  is  the  realm  in  which  they  live,  even 
though  surrounded  by  the  more  widely  shared  trappings  of  our  social 
reality.  Needless  to  say,  such  views  tend  to  isolate  their  followers  from 
part  of  the  social  environment.  As  a  matter  of  fact,  members  of  this 
movement  spend  most  of  their  free  time  in  study  groups,  meetingsof  wor¬ 
ship,  and  volunteer  services,  and  they  lead  a  somewhat  encapsulated 
existence.  As  a  rule  they  do  not  vote  or  take  active  interest  in  politics. 
They  also  de-emphasize  social  reforms  as  superfluous  in  view  of  the  im¬ 
minence  of  Armageddon,  which  is  to  bring  into  being  a  world  without 
jails,  hospitals,  famine,  old  age,  or  death. 

The  social  isolation  of  Jehovah’s  Witnesses  is  sharpened  by  their 
withdrawal  from  such  collective  experiences  as  the  celebration  of 
Christmas  (which  they  consider  a  nonscriptural  pagan  ritual).  Similar 
psychological  effects  grow  out  of  their  rejection  of  the  sign  of  the  cross 
and  the  traditional  account  of  the  crucifixion.  They  claim  that  the  cross 
is  an  ancient  Egyptian,  that  is,  a  pagan,  symbol  and  that  Christ  died  on 
the  torture  stake,  that  is,  a  tree  without  a  crossbar. 

These  remarks  concerning  the  isolating  effects  of  the  beliefs  and 
practices  of  Jehovah’s  Witnesses  can  be  inverted,  of  course,  to  mean 
that  here  is  a  movement  that  appeals  to  the  alienated  social  strata  (A.  J. 
Toynbee  calls  them  the  “internal  proletariat’’)  in  our  population.  In 
spite  of  the  many  channels  for  social  and  economic  mobility  provided  by 
the  politico-economic  system  prevailing  in  the  United  States  numerous 
people  find  themselves  relegated  to  social  and  economic  mediocrity.  Life 
rushes  by  and  leaves  behind  these  less  fortunate  people.  This  is  not  so 
much  a  reference  to  poverty  as  to  a  limited  participation  in  the  over-all 
scheme  of  success  and  its  visible  material  rewards.  There  is  no  doubt 
that  the  majority  of  Jehovah’s  Witnesses  “live  on  a  humbler  side  of 
life’’  (Cole®). 

It  is  legitimate  to  suggest  that  some  of  the  negative  and  aggressive 
elements  inherent  in  the  attitude  of  Jehovah’s  Witnesses  toward  the 
“false’’  religions  of  mankind  and  their  dramatic  vision  of  semiuniversal 
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annihilation  at  the  cosmic  Battle  of  Armageddon  are  not  unrelated  to 
their  feelings  of  frustration  and  alienation.  In  studying  the  movement  one 
is  reminded  of  Friedrich  Nietzsche’s  insights  into  the  mentality  of  the 
early  Christian  in  the  classical  world,  as  well  as  of  Max  Scheler’s 
analysis  of  the  relationship  between  social  resentment  and  the  genesis 
of  values  (Nietzsche®  and  Scheler^  ). 

It  is  important  to  reiterate  that  the  frustrations  and  alienation  widely 
experienced  today  should  not  be  understood  in  crudely  economic  terms 
alone.  Jehovah’s  Witnesses  appear  to  harbor  a  more  deep-seated  feeling 
of  discontent  that  may  be  traced  to  the  traumas  inflicted  on  man  by  the 
speed  of  the  processes  of  social  and  cultural  change.  This  attitude  is 
not  unlike  the  reaction  of  a  diffident  and  hostile  small  town  to  the 
modernism  and  sophistication  of  a  metropolitis.  Jehovah’s  Witnesses  are 
thus  opposed  to  the  far-reaching  recent  changes  in  the  status  of  women. 
They  stress  the  role  of  Eve  in  the  fall  of  Adam  and  the  allegedly  central 
role  of  women  in  the  functioning  of  all  “false”  religions.  In  the  realm  of 
theology,  they  reinstate  the  central  position  of  God  the  Father,  and  re¬ 
duce  Christ  to  the  subordinate  role  of  an  obedient  Son.  Speaking  in  terms 
of  human  society,  this  position  can  be  viewed  as  an  indirect  protest 
against  the  filiocentric  orientation  of  modern  culture. 

Another  manifestation  of  the  opposition  of  Jehovah’s  Witnesses  to 
modern  practice  is,  of  course,  to  be  found  in  their  generalized  anti¬ 
scientism.  Thus,  they  repudiate  the  use  of  blood  transfusion  and  of 
animal  serum  for  therapeutic  purposes.  They  also  take  a  very  strong 
stand  against  the  teachings  of  Charles  Darwin  and  of  his  contemporaries 
and  successors.  In  so  doing  they  heap  sarcasm  upon  the  allegedly  un¬ 
intelligent  or  even  dishonest  biologists,  and  they  sympathetically  quote 
from  specialized  literature  excerpts  that  appear  to  support  their  anti¬ 
evolutionary  beliefs. 

Carrying  this  analysis  a  step  further,  one  has  the  impression  that  the 
teachings  of  Jehovah’s  Witnesses  meet  the  demands  of  their  followers, 
not  just  as  an  expression  of  cultural  protest  but,  also,  as  a  more  as¬ 
sertive  and  comprehensive  philosophy  of  life  than  modern  philosophers 
and  scientists  feel  inclined  to  offer. 

As  a  result,  our  culture  has  given  up  the  ancient  preoccupation  with 
the  problem  of  Evil  in  general  and  has  substituted  specialized  research, 
for  example,  on  economic  cycles,  crime,  or  suicide.  This  has  occurred 
at  the  very  time  when  the  scope  of  historical  events  has  evolved  a 
questioning  attitude  in  the  masses.  Jehovah’s  Witnesses,  perfect  re¬ 
ductionists  as  they  prove  to  be,  meet  the  public  demand  for  a  dependable 
world  view  by  reducing  the  complexity  of  world  events  to  the  common  f 
denominator  of  Satan’s  struggle  against  the  will  of  God. 

From  the  point  of  view  of  cultural  theory  it  is  important  to  realize 
that  the  teachings  of  Jehovah’s  Witnesses  offer  nothing  totally  alien  to 
our  tradition  and  few  truly  new  elements.  What  is  new  is  the  combination 
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of  components  and  the  distribution  of  emphases.  Otherwise,  it  is  obvious 
that  the  founders  of  the  movement  had  drawn  on  the  old  cultural  heritage 
and  had  attempted  to  revitalize  some  of  its  obsolescent  features.  The 
strength  of  the  movement  lies  in  its  reliance  on  this  shared  cultural 
heritage  or,  one  might  call  it,  our  collective  cultural  commitments. 

The  strongly  selective  appeal  of  the  movement  makes  its  further  growth 
a  questionable  prospect.  Not  all  socio-culturally  alienated  elements  with 
a  need  for  a  definitive  world  view  will  be  satisfied  with  exegetic  soph¬ 
istry  and  unemotional  didacticism.  Thus,  there  will  be  room  for  similar 
movements  offering  different  patterns  of  personality  gratifications.  It  is 
also  legitimate  to  believe  that,  with  the  march  of  time,  successive  gen¬ 
erations  of  Jehovah’s  Witnesses  will  make  peace  with  the  world  (the 
French  call  this  process  s’ewbomgeoiser)  and  will  give  their  prophecies 
a  more  symbolic  and  a  less  immediate  connotation. 

As  it  is,  one  must  not  forget  that,  their  dramatic  teachings  notwith¬ 
standing,  the  majority  of  Jehovah’s  Witnesses  are  kind  and  friendly 
middle-class  people.  They  take  obvious  delight  in  huge  open-air  meet¬ 
ings,  which  they  organize  expertly.  Like  our  businessmen,  they  believe 
in  advertising  and  even  in  emphasizing  their  teachings  by  slogans.  As 
for  their  vision  of  heaven  on  earth,  it  is  couched  in  terms  of  flowers  and 
children,  murmuring  brooks,  and  groves  of  palm  trees  and,  as  such,  it 
would  please  the  most  undemanding  lover  of  poetry.  Nevertheless  it  is 
important  to  realize  that  the  vision  of  Jehovah’s  Witnesses  is  not  one 
more  “peace-of-mind”  religious  movement  and  that  their  apocalyptic 
faith  is  an  echo  to  the  unresolved  issues  of  our  culture. 

Interesting  parallels  appear  between  the  world  view  of  Jehovah’s 
Witnesses  and  the  beliefs  underlying  the  so-called  nativistic  movements 
observed  by  anthropologists  in  east  Africa,  New  Guinea,  and  among 
American  Indians.  Though  all  of  these  differ  from  one  another,  they  all 
concur  in  idealizing  the  legendary  past,  in  repudiating  the  evils  of 
modern  civilization,  in  predicting  a  cataclysmic  undoing  of  the  existing 
world  order  and  in  looking  forward  to  a  supernaturally  sponsored  era  of 
felicity  on  earth.  In  the  case  of  nativistic  movements,  we  are  in  the 
presence  of  a  defensive  intercultural  reaction  of  small  preindustrial 
societies  overwhelmed  by  the  dislocating  impact  of  a  foreign  civilization. 
The  protest  of  Jehovah’s  Witnesses  comes,  of  course,  from  within  our 
own  world.  Nevertheless  the  ideology  of  this  movement  has  roots  in  the 
“preindustrial”  tradition  embodied  by  the  Scriptures  and  appeals  strongly 
to  segments  of  our  population  alienated  by  the  complexity  and  the  ambi¬ 
guities  of  modern  civilization. 
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DIVISION  OF  MYCOLOGY 

THE  BLIGHT,  THE  BLIGHTER,  AND  THE  BLIGHTED* 

By  John  S.  Niederhauser 

Mexican  Agricultural  Program,  The  Rockefeller  Foundation, 

Mexico,  D,  F,,  Mexico 

The  Blight 

The  story  of  the  late  blight  of  potatoes  began  in  Europe  more  than  a 
century  ago.  Although  the  disease  had  been  reported  in  North  America  a 
few  years  before  1845,  it  was  not  until  the  great  epidemic  in  that  year 
that  late  blight  commanded  the  alarmed  attention  of  an  entire  continent. 
For  two  successive  seasons  the  potato  fields  of  Ireland  were  destroyed 
by  a  new  and  mysterious  agent  that  not  only  killed  the  foliage  but  rotted 
the  tubers  in  the  ground  and  in  storage.  The  misery  and  famine  that  fol¬ 
lowed  the  epidemics  constitute  one  of  the  most  tragic  episodes  in  the 
history  of  man.  Of  a  population  in  Ireland  of  eight  million,  over  one  mil¬ 
lion  died  in  the  famine  and  one  million  and  one  half  emigrated. 

Although  the  disease  has  not  caused  other  disasters  of  such  major  pro¬ 
portions,  through  the  years  it  has  become  established  in  most  of  the 
potato-growing  areas  of  the  world,  where  it  is  a  constant  threat  and  oc¬ 
casionally  causes  great  hardship.  The  condition  has  become  a  world-wide 
problem  in  the  production  of  a  basic  food  crop.  The  preventive  spraying 
of  potatoes  is  now  standard  practice  in  successful  potato  production 
wherever  the  blight  is  a  menace.  This  disease  causes  annual  losses 
that  may  be  figured  in  hundreds  of  millions  of  dollars,  because  one  must 
charge  to  it  not  only  the  direct  crop  losses,  but  also  the  cost  of  expen¬ 
sive  control  measures. 

In  Mexico,  potato  production  is  limited  mostly  to  areas  and  seasons 
that  do  not  favor  the  development  of  late  blight.  The  plants  thus  escape 
the  disease.  In  that  country  low  yields  make  the  potato  a  luxury  vegetable 
rather  than  a  staple  food.  Higher  yields  obtained  through  the  use  of  ex¬ 
pensive  irrigation  during  the  dry  season  do  not  change  this  situation 
substantially. 

The  first  experiments  with  potato  production  during  the  summer  rainy 
season  showed  that  spectacular  yields  can  be  obtained  if  the  plants  are 
adequately  protected  against  late  blight.  However,  the  potato  can  become 
a  basic  food  crop  in  Mexico  only  when  high  yields  are  obtainable  without 
the  use  of  expensive  sprays.  Such  yields  will  be  possible  only  when  a 
commercially  acceptable  blight-resistant  potato  variety  is  available  to 
the  Mexican  farmer. 

•This  article  is  paper  No.  50  of  the  Agricultural  Journal  of  The  Rockefeller  Founda¬ 
tion,  New  York,  N.  Y. 

This  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Division 
of  Mycology  on  October  26,  1956. 
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The  Blighter 

As  the  potato  fields  blighted  in  Ireland  and  the  grim  consequences 
slowly  descended  on  the  people,  the  cause  of  this  calamity  became  the 
subject  of  much  conjecture  and  some  scientific  observation.  Keen  ob¬ 
servers  soon  noted  the  constant  association  of  a  small  fungus  with  the 
dreaded  blight.  Though  the  fungus  was  accurately  described  and  recog¬ 
nized  by  some  as  the  probable  cause,  not  until  25  years  later  did  the 
great  German  mycologist,  Anton  DeBary,  prove  conclusively  that  it  was 
the  pathogen.  He  observed  the  germination  of  the  sporangia,  inoculated 
healthy  foliage  and  tubers,  watched  the  lesions  grow,  and  recovered  the 
fungus  from  the  withering  plants.  He  gave  the  fungus  the  name  of  Phyto- 
phthora  infestans  (Mont.)  DBy.  and,  for  many  years,  his  careful  studies 
constituted  our  full  scientific  knowledge  of  this  important  species. 

The  wild  Mexican  species  Solanum  demissum  Lindl.  is  practically  the 
only  source  of  blight  resistance  that  has  been  used  by  plant  breeders. 
Four  “major”  genes  for  blight  resistance  in  this  species  have  been 
described,  and  these  genes  have  been  isolated  in  selections  from  crosses 
of  S.  dewissum  x  S.  tuberosum.  *  A  series  of  differential  clones  carrying 
these  genes  singly  or  in  combination  has  been  established,  and  it  forms 
the  basis  for  identifying  16  races  of  the  pathogen.^ 

Since  S.  demissum  is  native  to  central  Mexico,  and  since  this  area  has 
been  suggested  as  the  probable  site  of  origin  of  the  potato  blight,^  it 
was  of  great  interest  to  study  the  blight  situation  there.  Investigation 
promptly  showed  there  was  a  highly  specialized  population  of  races 
prevalent  in  the  field, ^  including  some  races  that  could  cause  lesions  on 
all  clones  of  S.  demissum  that  were  tested.  In  4  years  of  trials,  no  tuber¬ 
bearing  Solanum  immune  to  P.  infestmts  was  found.  This  result  was  not 
entirely  unexpected,  because  the  races  of  the  pathogen  prevalent  in 
central  Mexico  developed  through  many  hundreds  of  years  of  natural  as¬ 
sociation  with  the  wild,  resistant  species. 

During  the  past  4  years  several  hundred  cultures  of  P.  infestans  have 
been  isolated,  chiefly  from  diseased  material  collected  in  the  field  at 
the  Chapingo  and  Toluca  experiment  stations  in  the  State  of  Mexico.  In 
1953  a  set  of  6  of  these  Mexican  isolates  of  P.  infestans  was  sent  to  the 
United  States  Department  of  Agriculture,  Washington,  D.  C.  Early  in  the 
summer  of  1956,  Mannon  Gallegly,  of  the  University  of  West  Virginia, 
Morgantown,  W.  Va.,  reported  to  us  that  certain  of  the  Mexican  isolates 
would  mate  and  form  obspores  freely  with  cultures  that  had  been  isolated 
in  the  United  States.  During  the  summer  and  fall  of  1956,  in  collaboration 
with  Gallegly,  we  paired  145  isolates  with  each  of  2  strains  (isolates 
No.  43  and  No.  63)  which  formed  oSspores  when  mated  (figures  1  and 
2).  Fifty-nine  of  these  isolates  formed  oospores  when  paired  with  isolate 
No.  63,  and  did  not  form  obspores  with  isolate  No.  43.  Eighty-six  iso- 
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lates  fomed  oSspores  when  paired  with  isolate  No.  43,  and  did  not  form 
oSspores  with  isolate  No.  63.  Twenty-one  isolates  of  P.  infestans  from 
the  United  States  were  all  of  the  same  sexual  strain,  forming  oSspores 
when  paired  with  isolate  No.  43,  none  with  isolate  No.  63.  Many  more 
isolates  must  be  tested  to  determine  whether  the  existence  of  a  single 
sexual  strain  may  be  a  reason  explaining  why  odspores  have  been  found 
so  rarely  in  the  United  States  and  elsewhere. 

Two  sexual  strains  of  the  fungus  are  prevalent  in  central  Mexico;  when 
an  isolate  of  one  of  these  strains  is  paired  with  the  other  strain,  odspores 
are  produced  abundantly.  Odspores  have  been  found  twice  in  diseased 
leaf  tissue  collected  from  blighting  check  varieties  in  the  field  at  Toluca. 

It  is  considered  almost  certain  that  these  sexual  spores  also  occur  in 
the  blighted  tissues  of  wild  species.  The  situation  with  regard  to  physi¬ 
ologic  races  in  Mexico  is  thus  greatly  complicated  by  the  occurrence  of 
a  functional  sexual  stage  of  the  pathogen.  It  is  not  difficult  to  explain 
why  so  many  specialized  races  of  pathogens  are  prevalent  in  the  high 
valleys  of  Mexico,  where  the  pathogen  is  able  to  breed  freely  and  propa¬ 
gate  on  a  number  of  resistant  wild  species. 

Two  important  implications  follow  from  this  discovery  for  those  inter¬ 
ested  in  blight  resistance.  First,  for  central  Mexico,  at  least,  it  implies 
the  futility  of  making  selections  the  resistance  of  which  is  effective  only 
against  certain  races.  Second,  it  implies  a  valuable  stability  in  the  high 
level  of  field  resistance  found  in  the  wild  species,  a  stability  that  has 
allowed  them  to  survive  a  long  natural  association  with  the  many  races 
of  the  pathogen. 

The  Blighted 

Although  an  exhaustive  search  for  a  blight-resistant  commercial  potato  '/ 
variety  has  been  conducted  for  more  than  a  century,  we  still  do  not  have 
one  that  can  be  grown  without  protection  in  areas  where  late  blight  is 
prevalent.  New  races  of  the  pathogen  have  appeared  and  blighted  the 
“resistant”  selections  a  few  years  after  their  introduction.  The  history 
of  temporary  success  and  subsequent  disillusion  is  very  discouraging; 
in  Mexico  no  immune  Solanum  species  has  been  found.  However,  the 
prospects  are  far  from  hopeless.  The  discovery  of  new  races  of  the  patho¬ 
gen  has  pointed  out  the  reasons  for  previous  failures,  and  it  now  sug¬ 
gests  that  new  approaches  are  required  to  solve  the  problem. 

Although  no  clone  of  S.  demissum  has  been  found  to  be  immune,  the 
species  does  have  a  high  level  of  field  resistance  that  would  be  in¬ 
valuable  in  a  commercial  potato  variety.  This  field  resistance  is  charac¬ 
terized  by  slow-spreading  lesions  in  which  sporulation  is  sparse.  Usually 
there  are  only  a  few  lesions  per  plant,  and  these  tend  to  be  on  the  older, 
lower  leaves.  It  is  this  type  of  field  resistance  that  has  enabled  S. 
demissum  and  other  wild  species  to  survive  in  Mexico. 
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Low  levels  of  field  resistance  occur  in  such  varieties  as  Sebago, 
Alpha,  and  Voran.  Having  found  that  these  varieties  can  be  sprayed  some¬ 
what  less  thoroughly  than  more  susceptible  varieties  and  still  be  ade¬ 
quately  protected,  Mexican  farmers  have  made  practical  use  of  this  re¬ 
sistance.  If  the  degree  of  field  resistance  shown  by  S.  demissum  could 
be  incorporated  in  a  commercially  acceptable  potato,  protective  sprays 
against  late  blight  probably  would  be  unnecessary.  Perhaps  this  goal  can 
be  approached  by  making  selections  in  the  uniquely  severe  blight  environ¬ 
ment  in  Mexico. 

Since  1953,  many  thousands  of  clones  of  potatoes  have  been  tested  in 
the  field  at  Toluca.  These  have  been  sent  to  us  by  cooperators  in  many 
countries.  Each  year  a  few  promising  selections  are  made  (figure  3). 
The  selections  have  survived  a  blight  test  perhaps  unequalled  anywhere 
else,  and  they  have  produced  a  fair-to-good  yield  of  commercially  ac¬ 
ceptable  tubers.  Their  resistance  has  been  similar  to  that  of  S.  demissum, 
although  not  as  complete.  These  selections  have  reacted  similarly  to  all 
races  of  fungus  to  which  they  are  susceptible.  Although  the  level  of 
field  resistance  has  varied  with  individual  clones,  it  is  encouraging  to 
note  that  the  resistance  shown  by  the  selections  made  4  years  ago  has 
been  maintained  in  subsequent  field  tests  (figure  4).  This  fact  pro¬ 
vides  some  hope  that  this  field  resistance  has  some  degree  of  stability. 

All  degrees  of  field  resistance  have  been  found  in  the  selections  made 
at  Toluca.  The  resistance  is  inherited,  and  it  tends  to  prevail  in  certain 
families.  Certain  parents  give  a  much  higher  proportion  of  field-resistant 
progeny  than  others.  Very  little  is  known  of  the  genetics  of  this  field 
resistance;  it  appears,  however,  that  many  genes  are  involved.  At  the 
present  time  the  most  reliable  method  for  measuring  this  resistance  is  by 
the  field  test  at  Toluca.  Eventually,  it  is  hoped  that  greenhouse  tech¬ 
niques  can  be  developed  for  making  selections  with  field  resistance, 
thus  avoiding  the  planting  of  large  numbers  of  susceptible  clones  in  the 
field. 

It  is  possible,  of  course,  that  there  may  yet  appear  new  races  that  will 
blight  the  field-resistant  selections  more  severely.  However,  it  can  be 
pointed  out  that  S.  demissum  has  maintained  its  very  high  level  of  field 
resistance  after  annual  exposure  to  the  pathogen  for  many  hundreds  of 
years.  Furthermore,  even  the  low-level  resistance  of  such  varieties  as 
Alpha  and  Sebago  has  persisted  for  many  years.  These  facts  lend  some 
support  to  the  hope  that  the  field  resistance  found  in  some  of  these  se¬ 
lections  will  not  be  as  deceptive  as  the  strictly  racial  type  of  resistance. 

In  Mexico  there  occur  other  wild  species  of  Solanum  that  are  fully  as 
resistant  as  S.  demissum  but  which,  so  far,  have  been  neglected  in  po¬ 
tato  improvement  programs.  Doubling  (with  colchicine)  the  chromosome 
number  of  the  normally  diploid  species  S.  bulbocastanum  resulted  in  a 
tetraploid  clone  that  has  been  crossed  with  S.  tuberosum.  Both  S.  bulbo- 
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Figure  4.  Resistant  selections  in  1956  field-resistance  test  at  Toluca. 
(A)  Selections  made  in  1953  are  in  11-row  blocks  50  ft.  long,  on  either  side  of 
the  susceptible  check  row,  Bintje,  indicated  by  arrow.  Photographed  July  12, 
1956.  (B)  Two  weeks  later  the  Bintje  check  row  is  dead.  Resistant  selections 
are  still  thriving.  Photographed  July  27,  1956. 
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castanum  and  the  highly  resistant  S.  pinnatisectum  are  being  recognized 
as  useful  sources  of  blight  resistance.  It  is  entirely  possible  that  blight 
resistance  derived  from  interspecific  crosses  between  resistant  Solanum 
species  will  be  even  more  stable  and  complete  than  that  of  any  one 
species.  There  are  many  problems  to  be  solved  before  such  “hybrid  re¬ 
sistance”  can  be  incorporated  in  a  commercial  potato  variety,  but  a 
start  has  been  made.  The  use  of  new  sources  of  resistance  is  important 
because,  the  broader  the  germ  plasm  basis  from  which  we  draw  resist¬ 
ance,  the  greater  the  chance  for  ultimate  success. 

The  brief  and  preliminary  success  we  have  had  in  Mexico  can  be  the 
basis  for  no  more  than  a  cautious  optimism.  However,  it  is  reassuring 
to  know  that  the  fight  has  now  been  carried  to  the  pathogen  in  its  own 
home.  If  it  can  be  dominated  there,  victory  over  this  century-old  plant 
disease  may  not  be  distant. 
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Miss. 

Moore,  Dana  T.,  M.D.,  Medicine.  Medical  Director,  Omar  Mining  Company,  Omar, 
W.  Va. 

Morhaim,  Victor,  M.D.,  Medicine.  Resident  Physician,  Cedars  of  Lebanon  Hospi¬ 
tal,  Hollywood,  Calif. 

Morris,  Haskell,  M.D.,  Internal  Medicine.  Director,  Student  Health  Service,  Uni¬ 
versity  of  Nebraska,  Omaha,  Nebr. 

Mourfield,  Walter  Raymond,  Jr.,  D.D.S.,  Oral  Pathology.  Instructor,  University 
of  Tennessee,  Memphis,  Tenn. 

Nakahara,  Waro,  M.D.,  Biochemistry.  Director,  Cancer  Institute,  Tokyo,  Japan. 

Obrinsky,  William,  M.D,,  Pediatrics,  Associate  Professor,  Albert  Einstein  Col¬ 
lege  of  Medicine,  New  York,  N.  Y. 

Ozury,  Daniel,  B.S.,  Immunochemistry.  Research  Chemist,  Boyle-Midway,  Inc., 
Cranford,  N.  J. 

Paddison,  Richard  Milton,  M.D.,  Neurology.  Associate  Professor,  Louisiana 
State  University,  New  Orleans,  La. 

Palay,  Sanford  L.,  M.D.,  Cytology.  Section  Chief,  National  Institutes  of  Health, 
Bethesda,  Md. 

Panajotov,  L.,  M.D.,  Medicine.  Private  Practice,  Hamilton,  Ont.,  Canada. 
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Pantalone,  Angelo  L.,  M.D.,  Anesthesiology.  Associate  Director,  Anesthesiology, 

St.  Francis  General  Hospital,  Pittsburgh,  Pa. 

Paplanus,  Samuel  Harris,  M.D.,  Pathology.  Assistant  Resident,  Pathologist, 

Vanderbilt  Hospital,  Nashville,  Tenn. 

Park,  Charles  R.,  M.D.,  Physiology.  Professor,  Vanderbilt  University  School  of 
Medicine,  Nashville,  Tenn. 

Patur,  Benjamin,  D.D.S.,  Periodontia.  Research,  Periodontia,  Tufts  University, 

Boston,  Mass. 

Pazaratz,  Bozidar  V.,  M.D.,  Medicine.  Assistant  Resident,  St.  Joseph’s  Hos-  | 

pital,  London,  Ont.,  Canada. 

Peck,  Alan  Sherman,  M.D.C.M.,  Cardiopulmonary  Surgery.  American  Trudeau 
Fellow,  Albany  Medical  College,  Albany,  N.  Y. 

Peckarsky,  Adeline,  Ph.D.,  Psychology.  Director,  The  Guidance  Center,  Fair- 
leigh  Dickinson  College,  Teaneck,  N.  J. 

Penfold,  T.  W.,  M.D. ,  Medicine.  Professor,  University  of  Washington,  Seattle, 

Wash. 

Perlstein,  Irving  B.,  M.D.,  Medicine.  Private  Practice,  Louisville,  Ky. 

Perry,  Harold  Otto,  M.D,,  Mycology.  Consultant,  Dermatology,  Mayo  Clinic, 

Rochester,  Minn. 

Perryman,  C.  R.,  M.D.,  Biophysiology.  Assistant  Professor,  University  of 
Pittsburgh,  Pittsburgh,  Pa. 

Peterson,  Osier  L.,  M.D,,  Virology.  Staff  Member,  Rockefeller  Foundation,  New 
York,  N.  Y. 

Phelan,  William  H.,  M.D.,  Internal  Medicine.  Assistant  Resident,  Medicine, 

Presbyterian  Hospital,  Chicago,  Ill. 

Pierce,  Mila,  M.D.,  Pediatrics.  Staff,  Bobs  Roberts  Memorial  Hospital  for  Chil¬ 
dren,  Chicago,  Ill. 

Pike,  Eric,  M.D.,  Pathology.  Resident,  Pathology,  The  New  York  Hospital,  New 
York,  N.  Y. 

Pilon,  Alcide,  M.D.,  Neurology.  Chief,  Service,  St.  Jean  de  Dieu  Hospital, 

Gamelin,  P.Q.,  Canada, 

Pinderhughes,  Charles  Alfred,  M.D.,  Psychiatry.  Assistant  Director,  Professional 
Services  for  Education,  Veterans  Administration  Hospital,  Bedford,  Mass, 

Pineas,  Herman  O.,  M.D.,  Medicine.  Private  Practice,  New  York,  N.  Y. 

Pisano,  Daniel  Joseph,  M.D.,  Radiology.  Resident  Physician,  Montefiore  Hos¬ 
pital,  New  York,  N.  Y. 

Pizarro,  Enriqueta,  M.Sc.,  Virology.  Head,  Poliomyelitis  Research  Laboratory, 

Secretaria  de  Salubridad,  Mexico  City,  Mexico. 

Polley,  Theodore  Zane,  M.D,,  Internal  Medicine.  Associate  Professor,  University 
of  Illinois,  Chicago,  Ill, 

Pope,  Stephen  Robert,  M.D,,  Cardiovascular  Surgery.  Resident,  Surgery,  Genesee 
Hospital,  Rochester,  N.  Y. 

Poppiti,  Robert  John,  M.D.,  Pathology,  Pathologist,  North  Broward  General  Hos¬ 
pital,  Fort  Lauderdale,  Fla. 

Post,  Bernard  S,,  M.D. ,  Medical  Electronics,  Head,  Electromyographic  Labora¬ 
tory,  St.  John’s  Episcopal  Hospital,  Brooklyn,  N.  Y. 

Post,  Guy  R.,  M.D.,  Public  Health.  Director,  Wood  County-Parkersburg  Health 
Department,  Parkersburg,  W.  Va. 

Pradhan,  S.  N.,  D.T.M.,  Pharmacology.  Assistant  Professor,  Howard  University, 

Washington,  D.  C. 

Precker,  Joseph  A.,  Ph.D,,  Psychology.  Medical  Student,  State  University  of 
New  York,  Brooklyn,  N.  Y. 

Presutti,  Henry  Joseph,  M.D.,  Medicine.  Private  Practice,  Brighton,  Ont.,  Canada. 

Price,  John  Vincent,  M.D.,  Internal  Medicine.  Interne,  Memorial  Center  for 
Cancer,  New  York,  N.  Y. 

Pye,  Orrea  Florence,  Ph.D.,  Nutrition.  Associate  Professor,  Columbia  Uni¬ 
versity,  New  Yofk,  N.  Y. 

Pyle,  S,  Idell,  Ph.D.,  Anatomy.  Research  Associate,  Western  Reserve  University, 

Cleveland,  Ohio. 

Radde,  Ingeborg  C.,  M.D.,  Internal  Medicine.  Senior  Interne,  Toronto  General 
Hospital,  Toronto,  Ont.,  Canada. 

Ragland,  Stuart,  Jr.,  M.D.,  Internal  Medicine.  Assistant  Professor,  College  of 
Virginia,  Richmond,  Va. 
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Rainer,  John  D.,  M.D.,  Psychiatry.  Private  Practice,  Mt.  Vernon,  N.  Y. 

Ramsey,  Jac  Allen,  M.D.,  Medicine.  Private  Practice,  Alpena,  Mich. 

Randolph,  Bernard  C.,  M.D.,  Medicine.  Private  Practice,  St.  Louis,  Mo. 

Redmount,  Robert  S.,  Ph.D.,  Psychology.  Research  Assistant,  Yale  University, 
New  Haven,  Conn. 

Reese,  William  H.,  Jr.,  M.S.,  Pharmacology.  Research  Associate,  Hazleton 
Laboratory  Inc.,  Sterling,  Va. 

Reilly,  James  A.,  Jr.,  M.D.,  Psychiatry.  Assistant  Director,  Psychiatric  Service, 
St.  Luke’s  Hospital,  New  York,  N.  Y. 

Reitan,  Ralph  M.,  Ph.D.,  Psychology.  Associate  Professor,  Indiana  University, 
Indianapolis,  Ind. 

Remenchik,  Alexander  P.,  M.D.,  Medicine.  Instructor,  University  of  Illinois, 
Chicago,  Ill. 

Remsen,  Douglas  B.,  M.D.,  Pharmacology.  Associate  Medical  Director,  E.  R, 
Squibb  &  Sons,  New  Brunswick,  N.  J. 

Reuben,  Richard  N.,  M.D.,  Medicine.  Assistant  Professor,  New  York  University, 
New  York,  N.  Y. 

Reynolds,  Edward  S.,  M.D.,  Pathology.  Chief  Resident,  Pathology,  Peter  Bent 
Brigham  Hospital,  Boston,  Mass. 

Rinsley,  Donald  Brendan,  M.D.,  Psychiatry.  Resident  Psychiatrist,  Topeka 
State  Hospital,  Topeka,  Kans. 

Rives,  James  Davison,  M.D.,  Surgery.  Professor,  Louisiana  State  University, 
New  Orleans,  La. 

Rodriguez,  Lorenzo  A.,  M.D.,  Biology.  Assistant  Professor,  University  of 
Chicago,  Chicago,  Ill. 

Rosekrans,  Sarah  Didriksen,  M.D.,  Hypertension.  Private  Practice,  Neillsville, 
Wis. 

Rowan,  Dighton,  R.,  Ph.D.,  Virology.  Instructor,  Stanford  University,  Stanford, 
Calif. 

Rukes,  J.  Max,  M.D.,  Endocrinology.  Clinical  Instructor,  Stanford  University 
School  of  Medicine,  San  Francisco,  Calif. 

Rytand,  David  A.,  M.D.,  Internal  Medicine.  Professor,  Stanford  University 
School  of  Medicine,  San  Francisco,  Calif. 

Sager,  Robert  V.,  M.D.,  Biology.  Associate  Physician,  Gouveneur  Hospital,  New 
York,  N.  Y. 

Salibi,  Bahij  S.,  M.D.,  Neurosurgery.  Chief  Resident,  Neurology,  University  of 
Illinois,  Chicago,  111. 

Sallman,  Bennett,  Ph.D.,  Microbiology.  Associate  Professor,  University  of 
Miami,  Coral  Gables,  Fla. 

Sapienza,  Anthony  R.,  M.D.,  Cardiovascular.  Instructor,  University  of  Illinois, 
Chicago,  Ill. 

Sarewitz,  Albert  B.,  M.D.,  Medicine.  Medical  Staff,  Orange  Memorial  Hospital, 
Orange,  N.  J, 

Saul,  Robert  J.,  M.D.,  Internal  Medicine.  Private  Practice,  Mountainair,  N.  Mex. 

Schipke,  Raymond  Edgar,  M.D.,  Pediatrics.  Clinical  Assistant,  Hartford  Hos> 
pital,  Hartford,  Conn. 

Schreck,  Kenneth  M.,  M.D.,  Medicine.  Assistant  Professor,  Temple  University, 
Philadelphia,  Pa. 

Schutz,  Karl,  M.D.,  Biology.  Senior  Physician,  New  York  State  Veterans  Camp, 
Mt.  McGregor,  N.  Y. 

Schwartz,  Jerome,  M.D.,  Cancer.  Gynecologist,  Meadowbrook  Tumor  Service, 
East  Meadow,  N.  Y. 

Schwartz,  Melvin  Sidney,  M.D.,  Metabolism.  Research  Assistant,  Columbia  Uni¬ 
versity,  New  York,  N.  Y. 

Schwartz,  Oscar,  M.D.,  Pediatrics.  Clinical  Instructor,  New  York  State  College 
of  Medicine,  Brooklyn,  N.  Y. 

Schwartz,  Paul  M.,  M.D.,  Allergy.  Private  Practice,  Poughkeepsie,  N.  Y. 

Senior,  John  Robert,  M.D.,  Transamination.  Resident,  Medicine,  Hospital  of  Uni¬ 
versity  of  Pennsylvania,  Philadelphia,  Pa. 

Serb  in,  Richard  A.,  M.D.,  Endocrinology.  Resident,  Medicine,  Ohio  State  Uni¬ 
versity,  Columbus,  Ohio. 

Shively,  James  N.,  D.V.M.,  Radiology.  Major,  Veterinary  Corps.,  U.  S.  Army, 
Rochester,  N.  Y. 
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Shubin,  Harry,  M.D.,  Internal  Medicine.  Chairman,  Department  of  Chest  Diseases, 
Philadelphia  General  Hospital,  Philadelphia,  Pa. 

Sikov,  Melvin  R.,  Ph.D.,  Biology.  Assistant  Professor,  Wayne  University,  Detroit, 
Mich. 

Silverman,  Maurice  M.,  M.D.,  Medicine.  Lecturer,  Mercy  College,  Detroit,  Mich. 

Slutsky,  Theodore,  M.D,,  Cardiology.  Clinical  Instructor,  New  York  Medical  Col¬ 
lege,  New  York,  N.  Y. 

Smith,  Joanne  R.,  M.D.,  Anesthesiology.  Clinical  Assistant,  Memorial  Center, 
New  York,  N.  Y. 

Stobbe,  Ludwig  Henry  Otto,  M.D.,  Medicine.  Private  Practice,  Salt  Lake  City, 
Utah. 

Stoute,  Argyle,  M.A.,  Psychoanalysis.  Private  Practice,  Chicago,  Ill. 

Swihart,  Leonard  F.,  M.D.,  Medicine.  Private  Practice,  Elkhart,  Ind. 

Szanton,  Victor  L.,  M.D. ,  Pediatrics.  Private  Practice,  Ansonia,  Conn. 

Terry,  Richard  Allan,  Ph.D.,  Psychology.  Instructor,  University  of  Portland, 
Portland,  Oreg. 

Torio,  Isabelo  S.,  M.D.,  Biology.  Physician,  Union  Hospital,  New  York,  N.  Y. 

Truitt,  Edward  B.,  Jr.,  Pharmacology.  Associate  Professor,  University  of  Mary¬ 
land,  Baltimore,  Md. 

Tucker,  William  B.,  M.D.,  Pulmonary  Diseases.  Chief,  Medical  Service,  Veterans 
Administration  Hospital,  Durham,  N.  C. 

Tudor,  Sidney,  M.S.,  Electrochemistry.  Chemist,  Material  Laboratory,  New  York 
Naval  Shipyard,  Brooklyn,  N.  Y. 

Vendrely,  Roger,  D.Sc.,  Biology.  Chief,  Research,  National  Scientific  Research 
Center,  Strasbourg,  France. 

Villa vicencio,  Marino,  M.D. ,  Biochemistry.  Rockefeller  Foundation  Fellowships 
Institute  of  Biochemistry  and  Nutrition,  Lima,  Peru. 

Wainer,  William  W.,  M.D.,  Medicine.  Director,  (Vainer  Diagnostic  Clinic,  Provi¬ 
dence,  Ky. 

Wallace,  E.  Basse,  M.D.,  General  Surgery.  Private  Practice,  Las  Vegas,  Nev. 

Walworth,  David  H.,  M.D.,  Medicine.  Head,  Diabetic  Clinic,  Santa  Clara  Courity 
Hospital,  San  Jose,  Calif. 

Ward,  Darrell  N.,  Ph.D.,  Biochemistry.  Assistant  Biochemist,  Anderson  Hospital, 
Houston,  Texas. 

Ware,  Lucile  Mahieu,  M.D.,  Psychiatry.  Assistant  Resident,  Psychiatry,  New 
York  Hospital,  Westchester  Division,  White  Plains,  N.  Y. 

Warner,  Frank  A.,  M.D.,  Internal  Medicine.  Medical  Director,  John  Hancock 
Mutual  Life  Insurance  Company,  Boston,  Mass. 

Warren,  James  V.,  M.D.,  Physiology.  Professor,  Duke  University,  Durham,  N.  C. 

Weaton,  Charlotte  E.,  D.O.,  Biology.  Private  Practice,  Massillon,  Ohio. 

Webster,  B.  H.,  M.D.,  Medicine.  Associate,  Medicine,  Vanderbilt  University 
School  of  Medicine,  Nashville,  Tenn. 

Weinberger,  Ruth,  M.D.,  Biochemistry.  Private  Practice,  Brooklyn,  N.  Y. 

Wells,  Ibert  C.,  Ph.D.,  Biochemistry.  Assistant  Professor,  State  University  of 
New  York,  Syracuse,  N.  Y. 

Welshimer,  Herbert  J.,  Ph.D.,  Bacteriology.  Associate  Professor,  Medical  Col¬ 
lege  of  Virginia,  Richmond,  Va. 

Wentworth,  Mary  Phyllis,  M.D.,  Multiple  Sclerosis.  Private  Practice,  Boston, 
Mass. 

Wessell,  Nils  Y.,  Ph.D.,  Psychology.  President,  Tufts  University,  Medford,  Mass. 

Westlin,  Lt.  William  F.,  Jr.,  M.D.,  General  Medicine.  Battalion  Surgeon,  Third 
Marine  Division,  San  Francisco,  Calif. 

Wewalka,  Friedrich  Gunther,  M.D.,  Biochemistry.  University  Assistant,  Medizin- 
ische  Universitats-Klinik,  Vienna,  Austria. 

Wheeler,  Warren  E.,  M.D.,  Pediatrics.  Professor,  Ohio  State  University,  Columbus, 
Ohio. 

White,  William  A.,  Jr.,  M.D.,  Internal  Medicine.  Private  Practice,  Canton,  Ohio. 

Whittier,  John  R.,  M.D.,  Neurology.  Director,  Creedmoor  Institute  for  Psycho¬ 
biologic  Studies,  Queens  Village,  N.  Y. 

Willett,  Hilda  Pope,  Ph.D.,  Microbiology.  Associate  Professor,  Duke  University, 
Durham,  N.  C. 

Winsser,  Johan,  M.D.,  Viruses.  Senior  Medical  Virologist,  New  York  State 
Department  of  Health,  Albany,  N.  Y. 
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Winter,  Frank  Counsel,  M.D.,  Ophthalmic  Pathology.  Assistant  Clinical  Profes¬ 
sor,  Stanford  University  School  of  Medicine,  San  Francisco,  Calif. 

Wolf,  Jack  W.,  M.D.,  Internal  Medicine.  Chairman,  Department  of  Medicine, 
Menorah  Medical  Center,  Kansas  City,  Mo. 

Wolf,  Julius,  M.D.,  Medicine.  Chief,  Medical  Service,  Veterans  Hospital,  Bronx, 
N.  Y. 

Wong,  Harry  Y.  C.,  Ph.D.,  Endocrinology.  Associate  Professor,  Howard  Uni¬ 
versity,  Washington,  D.  C. 

Woo,  Theresa  T.,  M.D.,  Pediatrics.  Clinical  Instructor,  University  of  Chicago, 
Chicago,  Ill. 

Zelman,  Samuel,  M.D.,  Internal  Medicine.  Assistant  Chief,  Medical  Service, 
Winter  Veterans  Administration  Hospital,  Topeka,  Kans. 

STUDENT  MEMBERSHIP 

Jackson,  Godfrey  W.,  M.A.,  Biology.  Postgraduate  Student,  Columbia  University, 
New  York,  N.  Y. 

Stanger,  Robert  Henry,  B.S.,  Biology.  Student,  Guilford  College,  N.  C. 


Elected  July  13,  1956 
LIFE  MEMBERSHIP 

Lamphier,  Timothy,  M.D,,  Surgery.  Private  Practice,  Boston,  Mass. 

SUSTAINING  MEMBERSHIP 

Peterson,  A.  E.,  M.D.,  Medicine.  Private  Practice,  Greeley,  Colo. 

Pigott,  John  D.,  Jr.,  M.D.,  Cancer.  Faculty,  University  of  Tennessee,  Memphis, 
Tenn. 


ACTIVE  MEMBERSHIP 

Allen,  Gordon,  M.D.,  Human  Genetics.  Surgeon,  National  Institute  of  Mental 
Health,  Bethesda,  Md. 

Alver,  Eugene  C.,  M.D.,  Anesthesiology.  Anesthesiologist,  Millville  Hospital, 
Millville,  N.  Y. 

Bachra,  Barnard  Nehemia,  Ph.D,,  Biochemistry.  Research  Chemist,  Brooklyn 
Jewish  Hospital,  Brooklyn,  N.  Y. 

Baker,  James  A.,  Ph.D.,  Biology.  Director,  Veterinary  Virus  Research  Institute, 
Ithaca,  N.  Y. 

Bandy,  D.  M.,  D.V.M.,  Veterinary.  President,  Bandy  Laboratories,  Temple, Texas. 

Barnett,  Ernest  R.,  M.D.,  Endocrine  Metabolism.  Private  Practice,  Alhambra, 
Calif. 

Beck,  John  D.,  V.M.D.,  Veterinary  Medicine,  Director,  Margaret  ivl.  Gaspary 
Center  for  Veterinary  Research,  New  York,  N.  Y. 

Berger,  Robert  L.,  M.D.,  Medicine.  Fellow,  Mt.  Sinai  Hospital,  New  York,  N.  Y. 

Blake,  Thomas  Mathews,  M.D,,  Internal  Medicine.  Assistant  Professor,  Uni¬ 
versity  of  Mississippi,  Jackson,  Miss. 

Boccia,  Romvaldo  Italo,  M.D.,  Medicine.  Interne,  Swedish  Covenant  Hospital, 
Chicago,  111. 

Brick,  Irving,  B.S.,  Experimental  Embryology.  Graduate  Student,  New  York  Uni¬ 
versity,  New  York,  N.  Y. 

Brown,  Seymour,  M.D.,  Medicine.  Assistant  Professor,  Surgery,  St.  Louis  Uni¬ 
versity,  St.  Louis,  Mo. 

Bull,  Maurice  H.,  M.S.,  Psychology.  Retired,  Jamestown,  N.  Y. 

Campbell,  Berry,  Ph.D.,  Neuroanatomy.  Associate  Professor,  Anatomy,  Uni¬ 
versity  of  Minnesota,  Minneapolis,  Minn. 
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Campo,  Robert  D.,  B.S.,  Physiology.  Junior  Research  Associate,  Brookhaven 
National  Laboratory,  Upton,  N.  Y. 

Cassel,  William  Alwein,  Ph.D.,  Virology.  Assistant  Professor,  Microbiology, 
Hahnemann  Medical  College,  Philadelphia,  Pa. 

Cheatham,  William  J.,  M.D.,  Infectious  Diseases.  Acting  Chief,  Armed  Forces 
Institute  of  Pathology,  Washington  D.  C. 

Cochran,  Edward  L.,  Ph.D.,  Physics  and  Chemistry.  Research  Chemist,  Johns 
Hopkins  University,  Silver  Spring,  Md. 

Connor,  Morton,  M.D.,  Internal  Medicine.  Private  Practice,  Brooklyn,  N.  Y. 

Cutler,  Seymour  S.,  M.D.,  Internal  Medicine.  Clinical  Assistant  Professor, 
Medicine,  State  University,  Brooklyn,  N.  Y. 

Dastur,  Darab  K.,  M.D.,  Neuropathology.  Fellow,  Rockefeller  Foundation,  Nation* 
al  Institute  of  Mental  Health,  Bethesda,  Md. 

DePiero,  Nicholas  G.,  Anesthesiology.  Director,  Department  of  Anesthesiology, 
Marymount  Hospital,  Garfield  Heights,  Ohio. 

Duggar,  James  A.,  M.D.,  Pediatrics.  Director,  Clinical  Investigation,  Upjohn 
Company,  Kalamazoo,  Mich. 

Dunne,  Howard  W.,  Ph.D.,  Infectious  Animal  Diseases.  Professor,  Veterinary 
Science,  Pennsylvania  State  University,  College  Station,  Pa. 

Egana,  Enrique,  M.D.,  Experimental  Medicine.  Professor,  Physiopathology,  Uni* 
versity  of  Chile,  Santiago,  Chile. 

Ekstedt,  Richard  Dean,  Ph.D.,  Microbiology  and  Immunology.  Instructor,  North* 
western  Medical  School,  Chicago,  Ill. 

Engle,  Gordon  A.,  B,S.,  Chemistry,  Assistant  Supervisor,  Micro  Switch,  Free* 
port.  Ill. 

Erdil,  Leo  I.,  M.D.,  Anesthesiology.  Associate  in  Charge,  Anesthesia  Depart* 
ment,  Lutheran  Hospital,  Brooklyn,  N.  Y. 

Fernandez,  Emilio,  M.D.,  Medicine.  Facultad  de  Ceincias  Medicas,  Sucre, 
Bolivia. 

Fink,  Victor  H.,  M.D.,  Medicine.  Private  Practice,  Chicago,  III. 

Forbes,  Gilbert  Burnette,  M.D.,  Pediatrics.  Associate  Professor,  Pediatrics, 
University  of  Rochester,  Rochester,  N.  Y. 

Galloway,  James  B.,  M.D.,  Neuropsychiatry.  Private  Practice,  Columbia,  S.  C. 

Greene,  Nicholas  M.,  M.D.,  Medicine.  Professor,  Anesthesiology,  Yale  Uni* 
versity.  New  Haven,  Conn. 

Harkness,  Stuart  F.,  D.O.,  Internal  Medicine.  Chairman,  Department  Internal 
Medicine,  Des  Moines  General  Hospital,  Des  Moines,  Iowa. 

Harrison,  John  Michael,  behavior.  Associate  Professor,  Harvard  University, 
Cambridge,  Mass. 

Hathaway,  John  Seabury,  M.D.,  Medicine.  Director,  Yale  University,  New  Haven, 
Conn. 

Helpern,  Milton,  M.D.,  Forensic  Pathology.  Chief  Medical  Examiner,  City  of 
New  York,  New  York,  N.  Y. 

Hudson,  Clifford  Franklin,  M.D.,  Nutrition.  Private  Practice,  Fork,  Md. 

Kadvany,  Alexander,  Jr.,  M.D.,  Biology.  Private  Practice,  Long  Beach,  Calif. 

Raster,  Manuel  C.,  A.B.,  Embryology.  Teaching  Assistant,  University  of  Calif* 
ornia,  Los  Angeles,  Calif. 

Kotovski,  William  C.,  M.D.,  Biology.  Private  Practice,  Springfield,  Mass. 

Lash,  Joseph,  M.D.,  Internal  Medicine,  Private  Practice,  Sacramento,  Calif. 

Leader,  Frederick  S.,  M.D.,  Epidemiology.  Director,  Division  of  Disease  Control, 
Michigan  Department  of  Health,  Lansing,  Mich. 

Lester,  Gabriel,  Ph.D.,  Microbiology.  Research  Staff,  Worcester  Foundation  for 
Experimental  Biology,  Shrewsbury,  Mass. 

Lingenfelter,  John  F.,  Ph.D.,  Biochemistry.  Lecturer,  University  of  Miami, 
Miami,  Fla. 

Linthicum,  Charles  Milton,  M.D.,  Biology.  Private  Practice,  Linthicum  Heights, 
Md. 

Lowman,  Shepard  W.,  Ph.D.,  Petroleum  Geology.  Teacher,  Rensselaer  Poly* 
technic  Institute,  Troy,  N.  Y. 

Lowney,  John  Francis,  Jr.,  M.D.,  Psychiatry.  Chief,  Out  Patient  Clinic,  4018th 
U.  S.  Air  Force  Dispensary,  Portsmouth,  N.  H. 

Luchi,  A.  L.,  M.D.,  Medicine.  Staff,  Mercy  Hospital,  Wilkes*Barre,  Pa. 
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Larie,  Abraham  A.,  M.D.,  Anesthesiology.  Resident  Physician,  University  of 
Pennsylvania,  Philadelphia,  Pa. 

McGee,  Lemuel  C.,  M.D.,  Industrial  Medicine.  Medical  Director,  Hercules  Powder 
Company,  Wilmington,  Del. 

Merei,  Ladislav,  M.D.,  Neurology.  Medical  Officer  in  Charge,  Veterans  Adminis¬ 
tration  Clinic.  Rochester,  N.  Y. 

Mersol,  Valentine,  M.D,,  Etiology.  Private  Practice,  Cleveland,  Ohio. 

Meskauskas,  Juozas,  M.D.,  Medicine.  Chief,  Medical  Department,  St.  Francis 
Hospital,  Cambridge,  Ohio. 

Mijer,  Frits,  M.D.,  Cardiology.  Chief  Resident,  Boston  City  Hospital,  Boston, 
Mass. 

ivlinde,  George  Francis,  ivi.D.,  Medicine.  Private  Practice,  Mayo,  Fla. 

Monroe,  John  F.,  M.D.,  Internal  Medicine.  Associate  Director,  Professional 
Service,  Lederle  Laboratories,  New  York,  N.  Y. 

Oulie,  Jacques,  M.D.,  Biology.  Senior  Fellow,  Manhattan  Eye,  Ear  &  Throat 
Hospital,  New  York,  N.  Y. 

Paton,  R.  Townley,  M.D.,  Cornea  Research.  Consultant,  The  Eye  Bank  for  Sight 
Restoration,  Inc.,  New  York,  N.  Y. 

Pavorsky,  Bernard,  M.D.,  Psychiatry.  Supervising  Psychiatrist,  Medical  Society 
of  the  County  of  Seneca,  Willar,  N.  Y. 

Peel,  Bruce,  M.A.,  Bibliography.  Librarian,  Rutherford  Library,  University  of 
Alberta,  Edmonton,  Alta.,  Canada. 

Perman,  Gerald,  M.D.,  Biology.  Instructor,  Georgetown  University,  Washington, 

D.  C. 

Pettet,  John  Richard,  M.D.,  Surgery.  Surgeon,  U.  S.  Army  Hospital,  Ft.  Ord,  Calif. 

Phin,  Kenneth  G.,  M.D. C.M.,  Psychiatry.  Private  Practice,  Windsor,  Ont.,  Canada, 

Porter,  R.  O.,  M.D.,  Medicine.  Dean,  School  of  Medicine,  University  of  Utah, 
Sail  Lake  City,  Utah, 

Price,  Allyn  M.,  M.D.,  Medicine.  Private  Practice,  Estacada,  Oreg. 

Prieto,  L.  C.,  Jr.,  M.D,,  Pathology.  Assistant  Professor,  University  of  Tennes¬ 
see,  Memphis,  Tenn. 

Redewill,  Francis  H.,  Jr.,  M.D,,  Cardiology.  Private  Practice,  Whittier,  Calif. 

Reid,  Edith  C.,  M.D.,  Internal  Medicine.  Fellow,  Metropolitan  Hospital,  New  York, 

N.  Y. 

Reimann,  Doris  Paola,  M.D.,  Pathology.  Teaching  Assistant,  Washington  Uni¬ 
versity,  St.  Louis,  Mo. 

Reiner,  Charles  B.,  M.D.,  Pediatrics.  Assistant  Professor,  State  University  of 
New  York  College  of  Medicine  at  Brooklyn,  Brooklyn,  N.  Y. 

Rumstein,  David,  M.D.,  Biology.  Chief,  Clinic  of  Dermatology,  Bronx  Hospital, 
^New  York,  N.  Y. 

Saez,  Florencio,  Jr.,  M.D,,  Biology.  Staff,  Fondo  Del  Seguro  del  Estado,  Ponce, 
Puerto  Rico. 

Sampolinski,  Anthony  S.,  M.D.,  Psychology.  Professor  of  Surgery,  Loyola  Uni¬ 
versity,  Chicago,  Ill. 

Saslow,  George,  M.D,,  Psychiatry.  Psychiatrist,  Massachusetts  General  Hos¬ 
pital,  Boston,  Mass. 

Schadel,  Lees  Malcolm,  Jr.,  M.D.,  Gynecology.  Chief,  Obstetrics,  North  Broward 
General  Hospital,  Ft.  Lauderdale,  Fla. 

Schlaefer,  Edward  M.,  Jr.,  M.D.,  Biology.  Private  Practice,  Columbia,  S.  C. 

Schrock,  Christian  E.,  M.D.,  Medicine.  Physician,  Mercy  Hospital,  Iowa  City, 
Iowa. 

Schulbaum,  Kay,  M.D.,  Medicine.  Supervising  Psychiatrist,  Harlem  Valley  State 
Hospital,  Wingdale,  N,  Y, 

Schwab,  Robert  Sidney,  Ai.D.,  Neurology.  Assistant  Professor,  Harvard  Medical 
School,  Boston,  Mass. 

Schwartz,  Charles,  M.D.,  Medicine.  St.  Lukes  Methodist  Hospital,  Cedar  Rapids, 
Iowa. 

Secrist,  Robert  L.,  M.D.,  Internal  Medicine.  Instructor,  University  of  Buffalo, 
Buffalo,  N.  Y. 

Se linger,  Alfred  G.,  M.D.,  Internal  Medicine.  Chief,  Medical  Service,  Veterans 
Administration  Hospital,  Danville,  Ill. 

Serog,  Max,  M.D.,  Psychiatry.  Staff,  Dayton  State  Hospital,  Dayton,  Ohio. 

Shaw,  J.  A.,  M.D.,  Medicine.  Private  Practice,  Brooklyn,  N.  Y. 
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Shen,  Jerome  Tseng  Yung,  M.D,,  Pediatrics.  Instructor,  St.  Louis  University,  St. 
Louis,  Mo. 

Sheplan,  Leon,  M.D.,  Orthopedic  Surgery.  Surgeon,  Doctors  Hospital,  Santurce, 
Puerto  Rico. 

Shore,  Parkhurst  A.,  Ph.D.,  Pharmacology.  Pharmacologist,  National  Heart 
Institute,  Bethesda,  Md. 

Shroyer,  Franklin,  M.D.,  Cancer.  Private  Practice,  Troy,  N.  Y. 

Silber,  Earl  N.,  M.D.,  Biology.  Attending  Physician,  Michael  Reese  Hospital, 
Chicago,  Ill. 

Sjoerdsma,  Albert,  M.D.,  Pharmacology.  Senior  Investigator,  National  Heart  In¬ 
stitute,  Bethesda,  Md. 

Skipper,  Howard  E.,  ivi.D.,  Medicine.  Assistant  Director,  Southern  Research  In¬ 
stitute,  Birmingham,  Ala. 

Skipski,  Wladimir  P.,  Ph.D.,  Biochemistry.  Research  Associate,  University  of 
Southern  California,  Los  Angeles,  Calif. 

Slade,  Walter  R.,  Jr.,  M.D.,  Neurology.  Staff  Neurologist,  Brooklyn  Veterans  Ad¬ 
ministration  Hospital,  Brooklyn,  N.  Y. 

Slanger,  Alexander,  [vi.D.,  Internal  Medicine.  Assistant  Professor,  New  York 
Polyclinic  Medical  School,  Brooklyn,  N.  Y. 

Sloan,  Margaret  H.,  M.D.,  Internal  Medicine.  Professional  Associate,  National 
Academy  of  Sciences,  Washington,  D.C. 

Slocum,  Milton  Jonathan,  M.D.,  Psychology.  Teaching  Staff,  New  York  Medical 
College,  New  York,  N.  Y. 

Steinberg,  George  M..  Ph.D.,  Chemistry.  Chief,  Chemotherapy  Branch,  Army 
Chemical  Center,  Md. 

Sydnor,  Katherine  L.,  NLD.,  Cancer.  Staff,  Ben  May  Laboratory  for  Cancer  Re¬ 
search,  Chicago,  Ill. 

Thorbecke,  Geertruida  Jeanette,  M.D.,  Immunology.  Fellow,  Foreign  Operations 
Administration,  Groningen,  Holland. 

Turow,  Irving  Louis,  M.D.,  Neuropsychiatry.  Private  Practice,  Peoria,  Ill. 

Walton,  F.  A.,  M.D.,  Medicine.  Private  Practice,  New  Westminster,  B.C,,  Canada. 

Wehrly,  Mildred,  M.D.,  Radiology.  Radiologist,  Orange  County  General  Hospital, 
Orange,  Calif. 
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SUSTAINING  MEMBERSHIP 


Apter,  Julia  Tutelman,  M.D.,  Ophthalmology.  Manteno  State  Hospital,  Chicago, 
Ill. 

Evans,  Robert  C.,  D.O.,  Anesthesia.  Detroit  Hospital,  Detroit,  Mich. 

Gehin,  Francis  Edward,  M.D.,  Medicine.  Private  Practice,  Stevens  Point,  Wis. 

Laymon,  Russell  L.,  M.D,,  Orthopedics.  Private  Practice,  Miami,  Fla. 

Marland,  Thomas  J.,  M.D.,  Anesthesiology.  Private  Practice,  Jackson,  Miss. 

McCrea,  John  Falding,  Ph.D.,  Virology.  Resident  Director,  Johns  Hartford  Re¬ 
search  Center,  Valhalla,  N.Y. 

Paddock,  Royce,  M.D.,  Immunology.  St.  Barnabas  Hospital,  Newark,  N.J. 

Raeder,  Arthur,  D.D.S.,  Mycology.  Private  Practice,  Brooklyn,  N.Y. 

Schermeyer,  Richard  John,  M.D.,  Medicine.  Private  Practice,  Baldwin,  N.Y. 

Steiman,  Iser,  M.D.,  Medicine.  Private  Practice,  Vancouver,  B.C.,  Canada. 

Stephens,  Duncan  C.,  M.D.,  Psychiatry.  Greenwich  Hospital,  Greenwich,  Conn. 

Strominger,  Donald  B.,  M.D.,  Chief  Resident,  St.  Louis  Children’s  Hospital, 
St.  Louis,  Mo. 

ACTIVE  MEMBERSHIP 

Ainslie,  John  D.,  M.D.,  Psychiatry.  Chief  Assistant,  USPHS  Hospital,  Lexington, 
Ky. 

Anderson,  George  R.,  D.V.M.,  Virology.  Chief,  Virus  Section,  Ohio  Department 
of  Health,  Columbus,  Ohio. 


78 


TRANSACTIONS 


Aravanis,  Christ  I.,  M.D.,  Medicine.  Research  Associate,  Chicago  Medical  School, 
Chicago,  Ill. 

Bachmann,  Ludwig  Karl,  M.D.,  Epidemiology.  Medical  Director,  Bilhuber-Knoll 
Coip.,  West  Orange,  J.  J. 

Barrett,  Morris  K.,  M.D.,  Cancer  Research.  Medical  Officer,  National  Cancer 
Institute,  Bethesda,  Md. 

Barron,  Lawrence  E.,  M.S.,  Physiology.  Microbiologist,  Eli  Lilly  &  Co.,  Indian¬ 
apolis,  Ind. 

Basseches,  Harold,  Ph.D.,  Physical  Chemistry.  Staff,  Bell  Telephone  Labora¬ 
tories,  Murray  Hill,  N.J. 

Bergner,  Robert  Patrick,  M.D.,  Medicine.  Professor,  University  of  Louisville, 
Louisville,  Ky. 

Bertel,  Helena,  M.D.,  Anesthesiology.  Director,  Department  of  Anesthesiology, 
FoMham  Hospital,  New  York,  N.Y. 

Bimbaum,  Rita,  M.A.,  Cancer.  Research  Assistant,  New  York  Medical  College, 
New  York,  N.Y. 

Blinks,  John  Rogers,  M.D.,  Cardiovascular  Physiology.  Senior  Assistant  Surgeon, 

U. S.  Public  Health  Service,  Bethesda,  Md. 

Borenstein,  Marvin,  M.D.,  Internal  Medicine.  Research  Fellow,  New  York  Hospital, 
New  York,  N.Y. 

Brown,  Albert  L.,  Ph.D.,  Virology.  Technical  Assistant  to  Director,  Sharp  & 
Dohme,  Division  of  Merck  8s  Co.,  Inc.,  Philadelphia,  Pa. 

Bullock,  Donald  Hartmann,  Ph.D,,  Psychology.  Research  Psychologist,  Institute 
of  Pennsylvania  Hospital,  Philadelphia,  Pa. 

Bumgardner,  Jesse  E.,  Ph.D.,  Physiology.  Instructor,  Portland  State  College, 
Portland,  Oreg. 

Bunner,  Alvinza,  M.S.,  Microbiology.  Research  Microbiologist,  Difco  Laboratories, 
Detroit,  Mich. 

Burger,  H.C.,  Dr.  Phy.,  Cardiology.  Professor,  University  of  Utrecht,  Utrecht, 
Holland. 

Carr,  Miriam,  B.A.,  Medical  Bacteriology.  Senior  Research  Assistant,  Hospital 
For  Joint  Diseases,  New  York,  N.Y. 

Cartwright,  Kenneth  L.,  M.S.,  Biochemistry.  Technical  Director,  Charles  Bowman 
&  Co.,  New  York,  N.Y. 

Chaitin,  Raymond  M.,  M.D.,  Geriatrics.  Private  Practice,  Brooklyn,  N.Y. 

Chamberlain,  Robert  E.,Ph.D.,  Chemotherapy.  Head,  Microbiology  Section,  Smith, 
Kline  &  French  Laboratories,  Philadelphia,  Pa. 

Chang,  Robert  Shigman,  M.D.,  Virology.  Assistant  Professor,  Microbiology, 
Harvard  School  of  Public  Health,  Boston,  Mass. 

Chanock,  Robert  Merritt,  M.D.,  Virology.  Assistant  Professor,  Research  Pedi¬ 
atrics,  University  of  Cincinnati,  Cincinnati,  Ohio. 

Clarkson,  Bayard  Delafield,  M.D.,  Cancer.  Resident,  New  York  Hospital,  New 
York,  N.Y. 

Cluff,  Leighton  E.,  M.D.,  Internal  Medicine.  Assistant  Professor,  Johns  Hopkins 
Hospital,  Baltimore,  Md. 

Cooper,  Merlin  L.,  M.D.,  Bacteriology.  Associate  Professor,  Children’s  Hospital, 
Cincinnati,  Ohio. 

Daniels,  Edward  W.,  Ph.D.,  Tissue  Transplantation.  Associate  Scientist, 
Argonne  National  Laboratory,  Lemont,  Ill. 

Daniels,  Joan  B.,  B.S.,  Virology.  Assistant  Bacteriologist,  Health  Department, 
Commonwealth  of  Massachusetts,  Brookline,  Mass. 

Delaini,  Stella  M.,  M.D.,  Obstetrics.  Private  Practice,  Detroit,  Mich. 

Des  Prez,  John  D.,  M.D.,  Plastic  Surgery.  Private  Practice,  Cleveland  Ohio. 

Dodge,  Harold  T.,  M.D.,  Cardiology.  Chief,  Cardiovascular  Disease  Division, 

V. A.  Hospital,  Durham,  N.C. 

Doudoumopoulos,  Alexander  N.,  M.D.,  Neurology.  Research  Associate,  National 
Institutes  of  Health,  Bethesda,  Md. 

Draheim,  Jerry  William,  M.D.,  Tissue  Culture.  Resident  Physician,  McPherson 
Hospital,  Durham,  N.C. 

Dukes,  Henry  Hugh,  D.V.M.,  Veterinary  Research.  Instructor,  Veterinary  College, 
Cornell  University,  Ithaca,  N.Y. 
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Dunne,  Theodore  F.,  M.S.,  Pharmacology.  Research  Coordinator,  E.  Fougera  Co., 
Inc.,  New  York,  N.Y. 

Easterbrooks,  H.  Lincoln,  D.V.M.,  Animal  Diseases.  Clinical  Research,  American 
Cyanamid  Co.,  Pearl  River,  N.Y. 

Easton,  Dexter  M.,  Ph.D.,  Physiology.  Assistant  Professor,  Florida  State  Uni¬ 
versity,  Tallahassee,  Fla. 

Eaton,  H.D.,  Ph.D.,  Animal  Nutrition.  Associate  Professor,  University  of  Con¬ 
necticut,  Storrs,  Cotm. 

Edgar,  S.  Allen,  Ph.D.,  Pathology.  Professor,  Alabama  Polytechnic  Institute, 
Auburn,  Ala. 

Eldering,  Grace,  Sc.D.,  Immunology.  Director,  Michigan  Department  of  Health, 
Grand  Rapids,  Mich. 

Elizondo,  Jesus  Ruiz,  M.S.,  Geology.  Professor,  University  of  Mexico,  Mexico, 
D.F  ,  Mexico. 

Elliott,  Bernard  B.,  Enzymology.  Private  Practice,  Winston-Salem,  N.C. 

Elliott,  Fred  C.,  Ph.D.,  Cereal  Cytogenetics.  Associate  Professor,  Washington 
State  College,  Pullman,  Wash. 

Elliott,  Robert  A.,  Ph.D.,  Bacteriology.  Bacteriologist,  Eli  Lilly  &  Co.,  Indian¬ 
apolis,  Ind. 

Emerson,  J.D.,  Ph.D.,  Endocrinology.  Assistant  Professor,  University  of  Alabama, 
Birmingham,  Ala. 

Emmerling,  Margaret  Helen,  Ph.D.,  Cytogenetics.  Postdoctoral  Fellow,  University 
of  Illinois,  Urbana,  Ill. 

Engley,  Frank  B.  Jr.,  Ph.D.,  Microbiology.  Professor,  University  of  Missouri, 
Columbia,  Mo. 

Ensminger,  M.E.,  Ph.D.,  Animal  Husbandry.  Chairman,  Department  of  Animal 
Husbandry,  Washington  State  College,  Pullman,  Wash. 

Enterline,  H.T.,  M.D.,  Pathology.  Pathologist,  University  of  Pennsylvania 
Hospital,  Philadelphia,  Pa. 

Epstein,  Sidney,  D.D.S.,  Pharmacology.  Associate  Professor,  Mt.  Zion  Hospital, 
San  Francisco,  Calif. 

Feldstein,  Aaron,  Ph.D.,  Biochemistry.  Research  Associate,  The  Worcester 
Foundation  for  Experimental  Biology,  Shrewbury,  Mass. 

Feller,  William  F.,  M.D.,  Cancer.  Research  Assistant,  University  of  Minnesota 
Hospital,  Minneapolis,  Mitm. 

Firriulo,  Domenic  Frank,  M.D.,  Hematology.  Instructor,  Biology,  Long  Island 
University,  Brooklyn,  N.Y. 

Fisch,  Charles,  M.D.,  Cardiology.  Assistant  Professor,  Indiana  University, 
Indianapolis,  Ind. 

Foregger,  Richard,  M.D.,  Anesthesiology.  Director,  Department  of  Anesthesiology, 
Marquette  University,  Milwaukee,  Wis. 

Frisch,  Robert  A.,  M.D.,  Cardiology.  Professor,  Marquette  University,  Milwaukee, 
Wis. 

Gaims,  Lila  J.,  M.D.,  Anesthesiology.  Assistant  Anesthesiologist,  Albany 
Hospital,  Albany,  N.Y. 

Giguere,  Paul  A.,  Ph.D.,  Physical  Chemistry.  Professor,  Laval  University, 
Quebec,  P.  Ql,  Canada. 

Gillmann,  Helmut  Peter,  Cardiology.  Assistant  Professor,  L  Medical  Clinic, 
Dusseldorf,  West  Germany. 

Gittleman,  Isaac  F.,  M.D.,  Pediatrics.  Attending  Pediatrician,  Jewish  Hospital 
of  Brooklyn,  Brooklyn,  N.Y. 

Glantz,  Paul  J.,  D.V.M.,  Veterinary  Research.  Instructor,  The  Pennsylvania 
State  University,  University  Park,  Pa. 

Gogerty,  John  Harry,  M.S.,  Mental  Health.  Research  Assistant,  University  of 
Washington,  Seattle,  Wash. 

Graff,  John  J.,  M.D.,  Anesthesiology.  Chief,  Anesthesiology,  St.  Francis  Hospital, 
Wilmington,  Del. 

Grishman,  Arthur,  M.D.,  Biology.  Assistant  Physician,  Mt.  Sinai  Hospital,  New 
York,  N.Y. 

Gulick,  Arthur  E.,  M.D.,  Medicine.  Private  Practice,  Plymouth,  Mich. 

Hackel,  Emanuel,  Ph.D.,  Human  Genetics.  Assistant  Professor,  Michigan  State 
University,  East  Lansing,  Mich. 
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Hajdu,  Stephen,  M.D.,  Cardiovascular  Physiology.  Surgeon,  National  Heart  Insti¬ 
tute,  Bethesda,  Md. 

Halde,  Carlyn,  Ph.D.,  Medical  Mycology.  UCLA  Medical  Center,  Los  Angeles, 
CaUf. 

Hale,  D.E.,  M.D.,  Anesthesiology.  Staff,  Cleveland  Clinic,  Cleveland,  Ohio. 

Hall,  Helen  Elizabeth,  M.D.,  Anesthesia.  Anesthesiologist,  Rex  Hospital, 
Raleigh,  N.C. 

Halpern,  Myron  H.,  Ph.D.,  Embryology.  Assistant  Professor,  Anatomy,  Hahne- 
matm  Medical  College,  Philadelphia,  Pa. 

Hampton,  John  K.,  Ph.D.,  Physiology.  Associate  Professor,  Tulane  University, 
New  Orleans,  La. 

Hansard,  Samuel  Leroy,  Ph.D.,  Biochemistry.  Senior  Scientist,  University  of 
Tennessee,  Oak  Ridge,  Tenn. 

Hansberry,  Roy,  Ph.D.,  Chemistry.  Manager,  Modesto  Laboratory,  Modesto,  Calif. 

Hanson,  Alden  W.,  B.S.,  Plastics.  Director,  Nuclear  &  Basic  Research  Labo¬ 
ratories,  Midland,  Mich. 

Harden,  K.  Albert,  M.D.,  Pulmonary  Physiology.  Associate  Professor,  Medicine, 
Howard  University,  Washington,  D.C. 

Hardy,  Paul  H.  Jr.,  M.D.,  Microbiology.  Assistant  Professor,  Microbiology,  The 
Johns  Hopkins  University,  Glenarm,  Md. 

Harmon,  John  B.,  Ph.D.,  Pharmacology.  Pharmacologist,  Stine  Laboratory, 
Newark,  Del. 

Harrington,  Paul  Randall,  M.D.,  Biology.  Private  Practice,  Houston,  Texas. 

Harrington,  Robert  Whiting,  Jr.,  Ph.D.,  Ecology.  Biologist,  Florida  State  Board 
of  Health,  Vero  Beach,  Fla. 

Harris,  John  E.,  M.D.,  Biochemistry.  Associate  Professor,  Ophthalmology,  Uni¬ 
versity  of  Oregon,  Portland,  Oreg. 

Harris,  John  J.,  Ph.D.,  Chemotherapy.  Research  Associate,  Sloan-Kettering 
Institute,  New  York,  N.Y. 

Hartmann,  J.  Francis,  Ph.D.,  Electron  Microscopy.  Associate  Professor,  Anatomy, 
University  of  Mirmesota,  Minneapolis,  Minn. 

Hartmann,  Robert  C.,  M.D.,  Hematology.  Associate  Professor,  Medicine,  Vander¬ 
bilt  University  Hospital,  Nashville,  Tenn. 

H artnett,  John  C.,  M.S.,  Biochemistry.  Associate  Professor,  Biology,  St.  Michaels 
College,  Winooski,  Vt. 

Hathaway,  Milicent  L.,  Ph.D.,  Nutrition.  Private  Practice,  Hyattsville,  Md. 

Hayden,  Robert  G.,  Ph.D.,  Psychology.  Research  Psychologist,  University  of 
Peruisylvania,  Philadelphia,  Pa. 

Heaney,  Robert  P.,  M.D.,  Clinical  Research.  Clinical  Research  Associate, 
National  Institutes  of  Health,  Bethesda,  Md. 

Heftmann,  Erich,  Ph.D.,  Biochemistry.  Biochemist,  National  Institutes  of  Health, 
Bethesda,  Md. 

Heinrich,  Max  A.  Jr.,  Ph.D.,  Cardiovascular.  Assistant  Professor,  Pharmacology, 
University  of  South  Dakota,  Vermillion,  S.D. 

Herrick,  Julia  F.,  Ph.D.,  Biophysics.  Associate  Professor,  Experimental 
Medicine,  Mayo  Clinic,  Rochester,  Minn. 

Herrmann,  Roy  G.,  Ph.D.,  Pharmacologist.  Pharmacology,  Lilly  Research  Labo¬ 
ratories,  Indianapolis,  Ind. 

Hesselbach,  Marie  L.,  Ph.D.,  Biochemistry.  Research  Biochemist,  National 
Institutes  of  Health,  Bethesda,  Md. 

Hirsch,  Jacob  I.,  Ph.D.,  Heart.  Resident,  Lenox  Hill  Hospital,  New  York,  N.Y. 

Hirsch,  James  G.,  M.D.,  Medicine.  Associate  Member,  Rockefeller  Institute  for 
Medical  Research,  New  York,  N.Y. 

Hitchcock,  A.E.,  Ph.D.,  Plant  Physiology.  Plant  Physiologist,  Boyce  Thompson 
Institute  for  Plant  Research,  Inc.,  Yonkers,  N.Y. 

Hoag,  Warren  G.,  D.V.M.,  Biology.  Professor,  Animal  Pathology,  Virginia  Poly¬ 
technic  Institute,  Blacksburg,  Va 
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Harrison,  Robert  William,  Ph.D.,  Biology.  Associate  Professor,  University  of 
Rhode  Island,  Kingston,  R.  I. 

Harvey,  Rodney  B.,  M.D.,  Physiology.  Assistant  Professor,  University  of  Utah, 
Salt  Lake  City,  Utah. 

Hasley,  Clyde  K.,  M.D.,  Cancer.  Attending  Radiologist,  Wayne  University, 
Detroit,  Mich. 

Hass,  George  M.,  M.D.,  Pathology.  Chairman,  Department  of  Pathology,  Presby¬ 
terian  Hospital,  Chicago,  Ill. 

Haufe,  Wilbert  Oscar,  M.Sc.,  Environmental  Physiology.  Research  Director, 
Livestock  Insect  Laboratory,  Lethbridge,  Alta.,  Canada. 

Haugaard,  Niels,  Ph.D.,  Metabolism.  Assistant  Professor,  University  of  Penn¬ 
sylvania,  Philadelphia,  Pa. 

Hauser,  George,  Ph.D.,  Biochemistry.  Research  Associate,  Harvard  Medical 
School,  Boston,  Mass. 

Hawirko,  Roma  Z. ,  Ph.D.,  Biology.  Assistant  Professor,  University  of  Manitoba, 
Winnipeg,  Canada. 

Hawkins,  David  R.,  M.D.,  Psychiatry.  Instructor,  University  of  North  Carolina, 
Chapel  Hill,  N.  C, 

Hawkins,  George  E.,Ph.D.,  Animal  Nutrition.  Researcher,  Dairy  Cattle,  Alabama 
Polytechnic  Institute,  Auburn,  Ala. 

Hawkins,  Winthrop  Wesley,  Ph.D.,  Nutrition.  Research  Officer,  National  Re¬ 
search  Council,  Halifax,  N.S.,  Canada. 

Hayes,  Sheldon  P.,  Ph.D.,  Immunology.  Head,  Department  of  Bacteriology,  Weber 
College,  Ogden,  Utah. 

Heath,  Robert  G.,  M.D.,  Nervous  System.  Chairman,  Department  of  Psychiatry, 
Tulane  University,  New  Orleans,  La. 

Heckly,  Robert  J.,  Ph.D.,  Microbiology.  Bacteriologist,  University  of  California, 
Berkeley,  Calif. 

Heinmets,  Ferdinand,  Ph.D.,  Biophysics.  Biophysicist,  Quartermaster  Food  & 
Container  Institute,  Chicago,  Ill. 

Heim,  Harold  C.,  Ph.D,,  Pharmacology.  Professor,  University  of  Colorado, 
Boulder,  Colo. 

Heinlen,  Walter  Edmund,  D.O. ,  Electrolytes.  Surgeon  in  Chief,  Joplin  General 
Hospital,  Joplin,  Mo. 

Heming,  Walter  Edward,  Ph.D.,  Ecology.  Head,  Department  of  Entomology, 
Ontario  Agricultural  College,  Guelph,  Ont.,  Canada. 

Hench,  Miles  E. ,  Ph.D.,  Clinical  Bacteriology.  Associate  Professor,  Medical 
College  of  Virginia,  Richmond,  Va. 

Henderson,  Earl  Wilton,  Ph.D.,  Poultry  Breeding.  Assistant  Professor,  Michigan 
State  University,  East  Lansing,  Mich. 

Hendricks,  James  R.,  Ph.D.,  Parasitology.  Associate  Professor,  University  of 
North  Carolina,  Chapel  Hill,  N.  C. 

Hendry,  Jessie  L.,  M.A.,  Immunology.  Associate  Bacteriologist,  State  Depart¬ 
ment  of  Health,  Albany,  N.  Y. 

Henschel,  Ann  Bardeen,  M.D.,  Anesthesiology.  Staff,  St.  Paul  University, 
Saskatoon,  Sask. ,  Canada. 

Herndon,  Charles  H.,  M.D.,  Orthopedic  Surgery.  Associate  Professor,  Western 
Reserve  University,  Cleveland,  Ohio. 

Herrmann,  Louis  G.,  M.D.,  Biology.  Associate  Professor,  University  of  Cincin¬ 
nati,  Cincinnati,  Ohio. 


88 


TRANSACTIONS 


I 


Hesler,  Lexemuel  Ray,  Ph.D.,  Mycology.  Dean,  College  of  Liberal  Arts,  Uni¬ 
versity  of  Tennessee,  Knoxville,  Tenn. 

Hess,  Melvin,  Ph.D.,  Endocrinology.  Assistant  Professor,  University  of  Pitts¬ 
burgh,  Pittsburgh,  Pa. 

Hess,  Walter  Richard,  Ph.D.,  Clinical  Foods.  Director,  Suburban  Laboratories, 
Inc.,  Cicero,  Ill. 

Heyl,  Henry  L.,  M.D.,  Medicine.  Executive  Director,  Hitchcock  Foundation, 
Hanover,  N.  H. 

Higuchi,  Kiyoshi,  Ph.D.,  Biochemistry.  Research  Biochemist,  Department  of 
the  Army,  Ft.  Detrick,  Md. 

Hess,  Orvan  W.,  M.D.,  Fetal  Electrocardiography.  Obstetrician,  Grace-New  Haven 
Hospital,  New  Haven,  Conn. 

Highlands,  Matthew,  Ph.D.,  Chemistry.  Head,  Department  of  Food  Processing, 
Maine  Agricultural  Experiment  Station,  Orono,  Me. 

Hilcken,  John  A.,  Ph.D.,  Biophysics.  Chief,  Biophysics  Research  Branch,  The 
Surgeon  General,  Department  of  the  Army,  Washington,  D.  C. 

Hilding,  Anderson  C,,  M.D.,  Ophthalmology.  Researcher,  St.  Luke’s  Hospital, 
Duluth,  Minn. 

Hill,  Berton  F.,  Ph.D.,  Mammalian  Genetics.  Executive  Secretary,  Institute  of 
Animal  Resources,  National  Research  Council,  Washington,  D,  C. 

Hill,  Charles  H.,  Ph.D.,  Nutrition.  Associate  Professor,  North  Carolina  State 
College,  Raleigh,  N.  C. 

Hill,  Frederic  William,  Ph.D.,  Nutrition.  Professor,  Cornell  University,  Ithaca, 
N.  Y. 

Hill,  R.  T.,  Ph.D.,  Experimental  Endocrinology.  Staff  Member,  National  In¬ 
stitute  for  Medical  Research,  London,  England. 

Hills,  A.  Gorman,  M.D.,  Metabolism,  Associate  Professor,  University  of  Miami, 
Miami,  Fla. 

Hinshaw,  William  R.,  D.V.M.,  Virology.  Chief,  Virus  &  Rickettsia  Division, 
Department  of  the  Army,  Ft.  Detrick,  Md. 

Hinton,  Taylor,  Ph.D.,  Genetics.  Associate  Professor,  University  of  California, 
Los  Angeles,  Calif. 

Hirsch,  Joseph,  M.E. ,  Engineering.  Staff,  Ramo-Woodridge  Corp, ,  Pacific  Pali¬ 
sades,  Calif. 

Hirst,  Katharine  R.,  M.A.,  Bacteriology.  Professor,  Cedar  Crest  College,  Allen¬ 
town,  Pa. 

Hiscock,  Ira  Vaughan,  D.Sc.,  Public  Health.  Professor,  Yale  University,  New 
Haven,  Conn. 

Hods  on,  Adrian  Z.,  Ph.D.,  Biochemistry.  Head,  Division  of  Nutrition,  Pet  Milk 
Company,  Greenville,  Ill. 

Hoerlein,  Alvin  B.,  D.V.M.,  Infectious  Disease.  Professor,  University  of 
Nebraska,  Lincoln,  Nebr. 

Hoffman,  Arthur  M. ,  M.D.,  Medicine.  Private  Practice,  Los  Angeles,  Calif. 

Hoffman,  Murray  M.,  M.D.,  Histophysiology.  Private  Practice,  Chicago,  Ill. 

Hoffmann,  Conrad  Edmund,  Ph.D.,  Microbiology.  Research  Supervisor,  E.I. 
duPont  de  Nemours  &  Co.,  Newark,  Del. 

Hofstee,  B.  H.  J.,  Ph.D.,  Enzymology.  Biochemist,  Palo  Alto  Medical  Research 
Foundation,  Palo  Alto,  Calif. 

Hohman,  Leslie  Benjamin,  M.D,,  Psychiatry.  Professor,  Duke  University,  Dur¬ 
ham,  N.  C. 

Holdridge,  Leslie  Rensselaer,  Ph.D.,  Ecology.  Head,  Renewable  Resources 
Service,  Inter-American  Institute  of  Agricultural  Sciences,  San  Jose,  Costa, 
Rica. 

Hollander,  Bernard,  M.D.,  Anesthesia.  Anesthesiologist,  Jamaica  Hospital, 
Jamaica,  N.  Y. 

Hollander,  Vincent  P.,  Ph  D.,  Cancer  Research.  Coordinator,  University  Cancer 
Program,  University  of  Virginia,  Charlottesville,  Va. 

Holley,  Kirk  T.,  B.S. ,  Agricultural  Chemistry.  Head,  Chemistry  Department, 
Georgia  Experimental  Station,  Ex[>eriment,  Ga. 

Hollinger,  Nell  F.,  Ph.D.,  Bioanalysis.  Associate  Professor,  University  of 
California,  Berkeley,  Calif. 

Hollinshead,  May  B.,  Ph.D.,  Embryology.  Assistant  Professor,  Seton  Hall  Col¬ 
lege  of  Medicine,  Jersey  City,  N.  J. 


TiiK  XKW  ^{)kK  A(  \i)i;.M\  OK  sc  ri;\(  F;s 


89 


Holly,  Roy  G. ,  M.  D.,  Obstetrics.  Chairman,  Department  of  Obstetrics,  University 
of  Nebraska,  Omaha,  Nebr. 

Holman,  Russell  L.,  M.D.,  Pathology.  Head,  Department  of  Pathology,  Louisiana 
State  University,  New  Orleans,  La. 

Holmes,  Joseph  H.,  M.D.,  Renal  Physiology.  Professor,  University  of  Colorado, 
Denver,  Colo. 

Holmes,  William  L. ,  Ph.  D.,  Biochemistry,  Research  Biochemist,  Rahr  Malting 
Co.,  Manitowoe,  Wis. 

Honicker,  Franklin  A.,  Jr.,  B.S.,  Sociology.  Administrative  Assistant,  Smith, 
Kline  8t  French  Laboratories,  Philadelphia,  Pa. 

Hopkins,  H.  T.,  Ph.D,,  Nutrition.  Chemist,  U.  S,  Department  of  Agriculture, 
Washington,  D.  C, 

llopman,  B.  Cornells,  Ph.D.,  Cancer  Cytology.  Head,  Cytologic  Division,  De¬ 
partment  of  Pathology,  Jackson  Memorial  Hospital,  Miami,  Fla. 

Horine,  Emmet  F.,  M. D. ,  Dermatology.  I^ofessor,  University  of  Kentucky,  Lex¬ 
ington,  Ky. 

Horowitch,  Sheldon,  M.D.,  Internal  Medicine.  Resident,  State  University  of  New 
York,  College  of  Medicine,  Syracuse,  N.  Y. 

Horn,  Edward  C.,  Ph.D.,  Embryology,  Associate  Professor,  Duke  University, 
Durham,  N.  C. 

Iloiton,  Richard  G.,  Ph.D,,  Physiology.  Chief,  Toxicity  Branch,  Army  Chemical 
Center,  Md. 

Horvath,  Steven  M.,  Ph.D.,  Cardiovascular.  Director,  Institute  of  Gerontology, 
State  University  of  Iowa,  Iowa  City,  Iowa. 

Horwitz,  William  A.,M.D.,  Psychology.  Clinical  Director,  N.  Y.  State  Psychiatric 
Institute,  New  York,  .N.  Y. 
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Hutchings,  Imri  J.,  Ph.D.,  Bacteriology.  Manager,  Food  Research,  H.  J.  Heinz 
Co.,  Pittsburgh,  Pa. 
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Kay,  Ernest  R.  M. ,  Ph.D.,  Biochemistry.  Assistant  Professor,  Dalhousie  Uni¬ 
versity,  Hamilton,  Ont.,  Canada. 
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Kellum,  Wilbur  E. ,  M.D.,  Aviation  Medicine.  Assistant  District  Medical  Officer, 
Twelfth  Naval  District,  San  Francisco,  Calif. 
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N.  Y. 

Kneen,  Eric,  Ph.D.,  Enzymes.  Vice-President,  Kurth  Malting  Co.,  Milwaukee, 
Wis. 

Knisely,  Anne  M. ,  M.D.,  Anesthesiology.  Anesthesiologist,  Grant  Hospital, 
Columbus,  Ohio. 

Konigsmark,  Bruce,  M.D. ,  Neurophysiology.  Research  Fellow,  University  of 
California,  Los  Angeles,  Calif. 

Koskoff,  Yale  David,  Ph.D.,  Medicine.  Director,  Medical  Services,  Montefiore 
Hospital,  Pittsburgh,  Pa. 

Kraatz,  C.  P.,  Ph.D.,  Pharmacology.  Professor,  Jefferson  Medical  College, 
Philadelphia,  Pa. 

Krauss,  Mac,  Ph.D.,  Physiology.  Biologist,  Chemical  Warfare  Laboratories, 
Army  Chemical  Center,  Md. 

Krupp,  Marcus  A.,  M.D. ,  Endocrinology.  Director,  Research,  Palo  Alto  Medical 
Research  Foundation,  Palo  Alto,  Calif. 

Kuhn,  Lester  P.,  Ph.D.,  Chemistry.  Chief,  Chemistry  Branch,  Ballistics  Re¬ 
search  Laboratories,  Aberdeen,  Md. 

Kydd,  David  M. ,  M.D.,  Medicine.  Staff,  State  University  of  New  York,  Brooklyn, 
N.  Y. 

Lamb,  Mina  W.,  Ph.D.,  Nutrition.  Professor,  Texas  Technological  College, 
Lubbock,  Texas. 

Lamport,  Harold,  M.D.,  Physiology.  Research  Associate,  Yale  School  of  Medi¬ 
cine,  New  Haven,  Conn. 

Lapham,  Roger  F.,  M.D.,  Medicine.  Medical  Director,  General  Foods  Corp., 
White  Plains,  N.  Y. 

Lee,  Lyndon  E.,  Jr.,  M.D.,  Biology,  Director,  Surgery,  Wayne  County  Hospital, 
Eloise,  Mich. 

Lehman,  Harvey  Eugene,  Ph.D,,  Zoology,  Associate  Professor,  University  of 
North  Carolina,  Chapel  Hill,  N.  C. 

LeValley,  Thomas  Alexander,  M.D.,  Urology.  Assistant  Professor,  College  of 
Medical  Evangelists,  North  Hollywood,  Calif. 

Levine,  Robert  H.,  B.S.,  Medicine.  Research,  Roussel  Corp.,  New  York,  N.  Y, 

Levy,  Louis,  Ph.D.,  Biochemistry.  Assistant  Professor,  University  of  Cincin¬ 
nati,  Cincinnati,  Ohio. 

Lewin,  Michael  L.,  M.D.,  Plastic  Surgery.  Senior  Attending  Surgeon,  St.  Joseph’s 
Hospital,  New  York,  N.  Y, 

McCarthy,  Robert  E.,  Ph.D.,  Bacteriology.  Research  Assistant,  Children’s 
Cancer  Research  Foundation,  Boston,  Mass. 

McCloskey,  Joseph  F.,  M.D.,  Medicine.  Assistant  Professor,  University  of 
Pennsylvania,  Philadelphia,  Pa. 

McCrory,  Wallace  W.,  M.D.,  Biology.  Associate  Professor,  University  of  Penn¬ 
sylvania,  Philadelphia,  Pa. 

MacDonald,  John  B.,  Ph.D.,  Oral  Microbiology.  Forsyth  Dental  Infirmary,  Boston, 
Mass. 

MacDougall,  Daniel,  Ph.D.,  Plant  Biochemistry.  Supervisor,  Chemagro  Corp., 
Pittsburgh,  Pa. 

Macleod,  A.  Garrard,  M.D.,  Biology  of  Medicine.  Senior  Medical  Staff,  Upjohn 
Co.,  Kalamazoo,  Mich. 

Malmberg,  Earl  W.,  Ph.D.,  Physical  Organic  Chemistry.  Associate  Professor, 
Ohio  State  University,  Columbus,  Ohio. 

Manning,  G,  W.,  M.D.,  Cardiology,  Assistant  Professor,  University  of  Western 
Ontario,  London,  Ont.,  Canada. 
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Marshall,  Lawrence  M. ,  Ph.D. ,  Intermediary  Metabolism.  Associate  Professor, 
Taft  Sanitary  Engineering  Center,  Cincinnati,  Ohio. 

Mayer,  Manfred  M.,  Ph'.D.,  Immunochemistry,  Associate  Professor,  Johns 

Hopkins  University,  Baltimore,  Md. 

Mayer,  Robert  T. ,  M. S. ,  Physiology.  Research  Assistant,  Nepera  Chemical  Co., 
Yonkers,  N,  Y. 

Meads,  Vincent  J.,  M.D.,  Obstetrics,  Private  Practice,  Portsmouth,  Va. 

Morin,  Manuel  Garcia,  Ph.D.,  Physical  Chemistry.  Professor,  University  of 
Puerto  Rico,  Rio  Piedras,  Puerto  Rico, 

Morris,  J.  A,,  Ph.D,,  Virology.  Assistant  Chief,  406th  Medical  General  Labora¬ 
tory,  San  Francisco,  Calif. 

Nemes,  J.  L. ,  Ph.D.,  Microbiology.  Assistant  Professor,  Georgetown  University, 
Washington,  D.  C. 

Noble,  Frank  W.,  B.E.E,,  Electronic  Instrumentation  for  Cardiovascular  Research. 
Electronics  Engineer,  Bethesda,  Md. 

Ozzello,  Luciano,  M.D.,  Pathology.  Instructor,  New  York  Medical  College,  New 
York,  N.  Y. 

Patten,  David  H.,  M.D.,  Medicine.  Research  Assistant,  University  of  Maryland, 
Catonsville,  Md. 

Pert,  James  Hutcheon,  M. D.,  Gastroenterology.  Research  Fellow,  Cornell  Uni¬ 
versity  Medical  College,  New  York,  N.  Y. 

Rambo,  Oscar  N.,  M.D.,  Pathology.  Chief,  Laboratory  Service,  Veterans  Ad¬ 
ministration  Hospital,  Salt  Lake  City,  Utah. 

Rapport,  Felix  T.,  M.D.,  Medicine.  Private  Practice,  New  York,  N.  Y. 

Reynolds,  Orr  E.,Ph.D.,  Biology.  Director,  Office  of  Naval  Research,  Department 
of  Navy,  Washington,  D.  C. 

Richardson,  David  W. ,  M. D,,  Cardiology.  Chief,  Cardiovascular  Section,  Veter¬ 
ans  Administration  Hospital,  Richmond,  Va. 

Robertson,  F.  J.,  M.D.,  Psychiatry.  Assistant  Professor,  Hahnemann  Medical 
College,  Philadelphia,  Pa. 

Roby,  Alma  Lee,  M.D,,  Infectious  Diseases  &  Pediatrics.  Instructor,  University 
of  Louisville,  Jeffersonville,  Ind. 

Rolovitch,  I.,  Ph.D,,  Microbiology.  Head,  Microbiological  Research  Department, 
Buenos  Aires,  Argentina. 

Sachs,  Harold  J,,  M.D.,  Medicine.  Assistant  Surgeon,  Kings  County  Hospital, 
Brooklyn,  N.  Y. 

Safir,  S.  R.,  Ph.D.,  Chemistry.  Group  Leader,  American  Cyanamid  Co.,  Pearl 
River,  N.  Y. 

Sarwer-Foner,  Gerald  J.,  M.D. ,  Biology.  Staff,  Queen  Mary  Veteran’s  Hospital, 
Montreal,  P.Q. ,  Canada. 

Schweiger,  Lament  R.,  M.D.,  Clinical  Cardiology.  Assistant  Professor,  Marquette 
University,  Milwaukee,  Wis. 

Seaman,  Arlene  R.,  Ph.D.,  Histochemistry.  Assistant  Professor,  State  University 
of  New  York,  Brooklyn,  N.  Y. 

Shadle,  George  M.,  M.D.,  Clinical  Evaluation.  Medical  Coordinator,  Parke,  Davis 
&  Co.,  Grosse  Pointe  Park,  Mich. 

Shank,  Robert  Ely,  M.D.,  Biochemistry.  Professor,  Washington  University,  St. 
Louis,  Mo. 

Siegel,  Malcolm,  Ph.D.,  Enzyme  Research.  Staff,  Memorial  Center,  New  York, 
N.  Y. 

Sikorsky,  Lucy  N.,  M.D.,  Medical  Research.  Staff,  Maricopa  County  Health 
Department,  Phoenix,  Ariz, 

Silver,  Richard  T.,  M.D.,  Leukemia.  Assistant  Resident,  The  New  York  Hos¬ 
pital,  New  York,  N.  Y. 

Singh,  Bawa  Prehlad,  M.D.,  Obstetrics.  Surgeon,  City  of  Hope  Medical  Center, 
Duarte,  Calif. 

Smith,  William  B.,  M.D.,  Gynecology.  Staff,  The  Medical  Center,  Salisbury,  Md. 

Somers,  G.  Fred,  Ph.D.,  Agricultural  Research.  Associate  Dean,  School  of 
Agriculture,  University  of  Delaware,  Newark,  Del. 

Sonnenblick,  Edmund  H.,  B.  A. ,  Internal  Medicine.  Medical  Student,  Harvard 
Medical  School,  Brookline,  Mass. 

Sourander,  Bertil  Johan  P.,  M.D.,  Neuropathology.  Lecturer,  University  of 
Uppsala,  Uppsala,  Sweden, 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


93 


Spencer,  Eugene  S,,  M.D.,  Anesthesiology,  Anesthesiologist,  Kew  Gardens 
General  Hospital,  Kew  Gardens,  N.  Y. 

Spencer,  Richard  Paul,  M.D.,  Biochemistry.  Staff,  U.  S.  Naval  Hospital,  Bethesda, 
Md. 

Stauffer,  John  C.,  M.D.,  Medicine.  Staff,  University  Hospital,  Baltimore,  Md. 

Stein,  Louis  Henry,  M.D.,  Surgery.  Chief  Resident,  New  York  Polyclinic  Hos¬ 
pital,  New  York,  N.  Y. 

Van  Gasse,  Jerome  Joseph,  M.D.,  Nutrition.  Director,  Public  Health,  Jackson, 
Mich. 

Wolbarsht,  Myron  L.,  A.B.,  Neurophysiology.  Research  Associate,  Johns  Hop¬ 
kins  University,  Baltimore,  Md. 

Woodbury,  Michael  A.,  M.D.,  Psychiatry.  Staff,  Chestnut  Lodge  Sanitarium, 
Rockville,  Md. 

Woods,  Kenneth  R.,  Ph.D.,  Physiological  Chemistry.  Research  Associate, 
Cornell  University,  Ithaca,  N.  Y. 

Ye,  Richard  Cheng,  M.D. ,  Plastic  Surgery.  Instructor,  University  of  Kansas, 
Kansas  City,  Kans. 

STUDENT  MEMBERSHIP 

Spector,  Bertram,  B.E.E.,  Biophysics.  Student,  Hunter  College,  New  York,  N.  Y. 


Elected  October  25,  1956 
LIFE  MEMBERSHIP 

Ladd,  Michael,  M.D.,  Physiology.  Assistant  Chief,  Surgery,  Veterans  Administra¬ 
tion  Hospital,  White  River  Junction,  Vt. 

Lempert,  Julius,  M.D.,  Otology.  Director,  Lempert  Research  Foundation,  New 
York,  N.  Y. 


SUSTAINING  MEMBERSHIP 

Kendall,  EUiward  C.,  Ph.D. ,  Biochemistry.  Visiting  Professor,  Chemistry,  Prince¬ 
ton  University,  Princeton,  N,  J. 

Minto,  Wallace  L.,  B.S.,  Chemistry.  Research  Director,  Ken  Research,  Inc., 
River  Edge,  N.  J. 

Patterson,  Hubert  L.,  Ph.D.,  Commercial.  Vice  President,  White  Laboratories, 
Kenilworth,  N.  J. 


ACTIVE  MEMBERSHIP  FOR  1956 

Kopf,  Kenneth,  Ph.D.,  Plant  Genetics.  Chief,  Agricultural  Technology  Division, 
Office  of  Agriculture,  Seoul,  Korea. 

ACTIVE  MEMBERSHIP 

Allais,  Maurice,  Eng.  D. ,  Engineering.  Professor,  Ecole  Rationale  Superieure 
des  Mines,  Paris,  France. 

Ancowitz,  Arthur,  M.D.,  Internal  Medicine.  Section  Chief,  U.  S.  Veterans  Ad¬ 
ministration  Hospital,  Bronx,  N.  Y. 

Anderson,  Robert  K.,  M.P.H.,  Bacteriology.  Associate  Professor,  University  of 
Minnesota,  Minneapolis,  Minn. 

Aponte,  Gonzalo  E^,  M.D.,  Pathology.  Fellow,  Jefferson  Medical  College, 

Philadelphia,  Pa. 

Askovitz,  Samuel  I.,  M. D. ,  Biology.  Chief,  Tumor  Registry,  University  of  Penn¬ 
sylvania,  Philadelphia,  Pa. 

Backus,  Robert  C.,  Ph.D.,  Biochemistry.  Assistant  Administrator,  Institutional 
Research  Grants,  American  Cancer  Society,  New  York,  N.  Y. 
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Barrera,  Alberto  M. ,  M.  D.,  Surgery.  Attending  Physician,  Physician  &  Surgeons 
Hospital,  Kaslo,  B.C.,  Canada. 

Benedict,  Albert  A.,  Ph.D.,  Microbiology.  Assistant  Professor,  University  of 
Texas  Medical  Branch,  Galveston,  Texas. 

Benenson,  Abram  S.,  M.D.,  Immunology.  Director,  Walter  Reed  Army  Medical 
Center,  Washington,  D.C. 

^erg,  Robert  Lewis,  M.D.,  Experimental  Immunology.  Associate  Physician, 
Massachusetts  General  Hospital,  Boston,  Mass. 

Berge,  Trygve  O.,  Ph.D.,  Virology.  U.  S.  Army,  Fort  Detrick,  Md. 

Bliss,  Robert  Landers,  A.B. ,  Public  Relations.  Partner,  Ade  &  Bliss,  Inc.,  New 
York,  N.  y. 

Blunt,  J.  W.,  Jr,,  M.D,,  Biology.  Associate  Director,  Surgical  Research,  St. 
Luke's  Hospital,  Cleveland,  Ohio. 

Bock,  C.  W. ,  Ph.D.,  Enzymes.  Instructor,  Harris  Teachers  College,  St.  Louis, 
Mo. 

Bogash,  Robert  C.,  Pharmacology.  Director,  Pharmacy,  Lenox  Hill  Hospital, 
New  York,  N.  Y. 

Budy,  Ann  M.,  Ph.D.,  Radiobiology.  Instructor,  University  of  Chicago,  Chicago, 
Ill. 

Bumzahem,  Carlos  Boyd,  B.S. ,  Microbiology.  Assistant,  University  of  Illinois, 
Chicago,  Ill. 

Burdon,  Kenneth  L.,  Ph.D.,  Medical  Microbiology.  Professor,  Baylor  University, 
Houston,  Texas, 

Burke,  William  T.,  Ph.D.,  Cancer.  Instrix;tor,  Biochemistry,  Seton  Hall  College 
of  Medicine,  Jersey  City,  N.  J. 

Cahill,  George  F.,  Jr,,  M.D. ,  Biological  Chemistry.  Research  Fellow,  Harvard 
Medical  School,  Boston,  Mass. 

Calabro,  John  James,  M.D,,  Internal  Medicine.  Chief  Medical  Resident,  Medical 
Center,  Jersey  City,  N.  J. 

Callahan,  Frank  E,,  B.  S. ,  Pharmacology.  Pharmacologist,  Hoffmann>LaRoche, 
Inc.,  Nutley,  N.J, 

Coin,  Melvin,  Ph.D.,  Microbiology.  Associate  Professor,  Washington  University 
School  of  Medicine,  St,  Louis,  Mo. 

Colpitts,  R.  Vernon,  M,D,,  Cancer,  Instructor,  M.D.  Anderson  Hospital,  Houston, 
Texas. 

Connelly,  Jesse  Pope,  Jr.,  D.O,,  Hematology.  Research  Assistant,  Department  of 
Chemistry,  Des  Moines  Still  College,  Des  Moines,  Iowa. 

Cox,  Claire  B.,  M,S.,  Bacteriology.  Section  Chief,  Fort  Detrick,  Frederick,  Md. 

Cumming,  William  W.,  Ph.D.,  Psychology.  Assistant  Professor,  Barnard  College, 
New  York,  N.  Y. 

Davidson,  Sherwood,  M.D.,  Neurology,  Assistant  Neurologist,  New  England 
Medical  Center,  Boston,  Mass. 

de  Jongh,  D.  K.,  M.D. ,  Pharmacology.  Director,  Research,  University  of  Utrecht, 
Amsterdam,  Holland. 

Draper,  Wesley,  A.  B.,  Medical  Librarian  ship.  Librarian,  Academy  of  Medicine  of 
Brooklyn,  Brooklyn,  N.  Y. 

Edeiken,  Joseph,  M.D.,  Cardiology.  Assistant  Professor,  University  of  Penn¬ 
sylvania,  Philadelphia,  Pa. 

Evans,  Frederick  R,,  Ph.D.,  Protozoology.  Associate  Professor,  University  of 
Utah,  Salt  Lake  City,  Utah. 

Fabrizio,  Angelina  M.,  Ph.D.,  Cancer.  Presbyterian  Hospital,  Philadelphia,  Pa. 

Feather,  Harry  B.,  M.D,,  Surgery.  Associate  Professor,  University  of  Pittsburgh, 
Pittsburgh,  Pa. 

Fels,  Irving  Gordon,  Ph.D.,  Biochemistry.  Chief  Biochemist,  Cook  County 
Hospital,  Chicago,  Ill. 

Feltman,  Reuben,  D.D.S.,  Fluoridation.  Investigator,  Passaic  General  Hospital, 
Passaic,  N.  J. 

Fey,  William  F. ,  Ph.D.,  Psychology.  Assistant  Professor,  University  of  Wis¬ 
consin,  Madison,  Wis, 

Finamore,  Frank  J,,  Ph.D.,  Metabolism.  Assistant  Professor,  Southern  Illinois 
University,  Carbondale,  Ill. 

Finnell,  H.  H.,  B.S.,  Soil  Conservation.  Research  Specialist,  Agricultural  Re¬ 
search  Service,  Goodwell,  Okla. 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


95 


Fischmann,  Joseph,  M.D.,  Medicine.  Assistant  Professor,  Tufts  University 
Medical  School,  Boston,  Mass. 

Fuller,  EMwin  M.,  M.D. ,  Anesthesiology.  Director,  Griffin  Hospital,  Derby,  Conn. 

Gall,  Joseph  G.,  Ph.D.,  Biology.  Assistant  Professor,  University  of  Minnesota, 
Minneapolis,  Minn. 

Galloway,  Ian  A.,  D.Sc.,  Virology.  Director,  Research  Institute,  Pirbright, 
England. 

Galtsoff,  Paul  S.,  Ph.D.,  Physiology.  Research  Biologist,  Shellfish  Laboratory, 
Woods  Hole,  Mass. 

Gantt,  W.  Horsley,  M.D.,  Psychophysiology.  F*rofessor,  Johns  Hopkins  Uni¬ 
versity,  Baltimore,  Md. 

Garcia-Arocha,  Humberto,  M.D.,  Histamine  Liberation.  Associate  Professor, 
McGill  University,  Montreal,  P.Q.,  Canada. 

Garlick,  William  L.,  M.D.,  Biology.  Associate  Professor,  Mercy  Hospital, 
Baltimore,  Md. 

Gerschman,  Rebeca,  Ph.D.,  Physiology.  Assistant  Professor,  University  of 
Rochester,  Rochester,  N.  Y. 

Gey,  George  O.,  M.D,,  Cancer.  Director,  Finney  Howell  Cancer  Research 
Laboratory,  Baltimore,  Md. 

Gilbert,  Daniel  L.,  Ph.D.,  Physiology.  Instructor,  Albany  Medical  College, 
Albany,  N.  Y. 

Guthwin,  Hyman,  Ph.D.,  Cell  Physiology.  Research  Associate,  Bellevue  Hos¬ 
pital,  New  York,  N.  Y. 

Haber,  Seymour,  M.D.,  Medicine.  U.  S.  Army,  New  York,  N.  Y. 

Haines,  Gerald  L.,  M.D.,  Surgery.  Assistant  Attending,  City  Hospital,  Schenec¬ 
tady,  N.  Y. 

Halberson,  Harlyn,  Ph.D.,  Microbiology.  Associate  Professor,  College  of 
Agriculture,  Madison,  Wis. 

Harper,  W.  J.,  Ph.D.,  Dairy  Technology.  Assistant  Professor,  Ohio  State  Uni¬ 
versity,  Columbus,  Ohio. 

Harris,  Nellie  R.,  Ph.D.,  Human  Physiology.  Instructor,  Beaver  College,  Jenkin- 
town.  Pa. 

Haskins,  Harold  H.,  Ph.D.,  Marine  Biology.  Associate  Professor,  Rutgers 
University,  New  Brunswick,  N.  J. 

Hewes,  C.  Gordon,  Ph.D.,  X-Ray  Microscopy.  Assistant  F*rofessor,  College  of 
Medical  Evangelists,  Loma  Linda,  Calif. 

Heyn,  Anton  N.  J.,  Ph.D.,  Biology.  Professor,  Clemson  College,  Clemson,  S.  C. 

Heyndrickx,  Aubin,  Ph.D.,  Toxicology.  Research  Associate,  Argonne  National 
Laboratory,  Lemont,  Ill. 

Hift,  Helen,  F>h.D. ,  Enzymechemistry.  Project  Associate,  University  of  Wis¬ 
consin,  Madison,  Wis. 

Hill,  Jack  Harold,  M.D.,  Pathology.  Pathologist,  Trinity  Lutheran  Hospital, 
Kansas  City,  Mo. 

Hilton,  Finis  Eugene,  D.V.M.,  Biology.  F*rivate  Practice,  Whittier,  Calif. 

Hiner,  Richard  L. ,  Ph.D.,  Biology.  Acting  Head,  United  States  Department  of 
Agriculture,  Beltsville,  Md. 

Hisaw,  Frederick  L.,  Ph.D.,  Zoology.  Professor,  Harvard  University,  Cambridge, 
Mass. 

Hoet,  Joseph  Jules,  Jr.,  M.D.,  Internal  Medicine.  Staff,  Hospital,  St.  Pierre, 
Universite  de  Louvain,  Louvain,  Belgium. 

Holland,  Robert  C.,  Ph.D.,  Physiology.  Assistant  Professor,  University  of  North 
Dakota  Medical  School,  Grand  Forks,  N.  Dak. 

Hood,  Mary  Noka,  Ph.D.,  Bacteriology.  Professor,  Florida  State  University, 
Tallahassee,  Fla. 

Hopkins,  Carl  E.,  Ph.D.,  Medical  Research.  Associate  Professor,  University  of 
Oregon  Medical  School,  Portland,  Oreg. 

Horn,  Claud  L.,  B.S.,  Plant  Sciences,  Agricultural  Attache,  American  Embassy, 
San  Jose,  Costa  Rica, 

Hoyt,  Charles  Y.,  M.S.,  Botany.  Assistant  Professor,  Kansas  State  College, 
Manhattan,  Kans. 

Hsiao,  Sidney  C.,  Ph.D.,  Physiology.  Associate  Professor,  Zoology,  University 
of  Hawaii,  Honolulu,  Hawaii. 
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Hsie,  Jen-Yah,  Ph.D.,  Antibiotics.  Associate  Professor,  Des  Moines  Still  Col¬ 
lege,  Des  Moines,  Iowa. 

Hsu,  T.  C.,  Ph.D.,  Biology.  Head,  Section  of  Cytology,  University  of  Texas 
Medical  Division,  Houston,  Texas. 

Huberman,  M.  A.,  Ph.D.,  Biology.  Chief,  Silviculture  Section,  United  Nations, 
Rome,  Italy. 

Hudack,  Stephen  S.,  M.D.,  Surgery.  Director,  St.  Luke's  Hospital,  Cleveland, 
Ohio. 

•  Hudson,  N.  Paul,  Ph.D.,  Microbiology.  Assistant  Dean,  Ohio  State  University, 
Columbus,  Ohio. 

Hughes,  C.  D.,  D.V.M.,  Physiology  &  Surgery.  Private  Practice,  Albuquerque, 
N.  Mex. 

Hull,  Thomas  G. ,  Ph.D.,  Bacteriology.  Secretary,  American  Medical  Association, 
Chicago,  IlL 

Hutton,  Robert  S.,  Ph.D.,  Bacteriology.  Chief,  Fort  Detrick,  Frederick,  Md. 

Hutton,  William  E.,  Ph.D.,  Biochemistry.  Assistant  Biochemist,  University  of 
California,  Berkeley,  Calif. 

Hyman,  Milton,  D.D.S.,  Dentistry.  Professor,  New  York  University  College  of 
Dentistry,  New  York,  N.  Y. 

Ingalls,  James  Warren,  Jr.,  Ph.D.,  Pharmacology.  Associate  Professor,  Brooklyn 
College  of  Pharmacology,  Brooklyn,  N.  Y. 

Ingalls,  Mabel  S.,  Layman.  860  Fifth  Avenue,  New  York,  N.  Y. 

Inge,  Frederick  D.,  Ph.D.,  Plant  Physiology.  Chairman,  Department  of  Natural 
Science,  Hampton  Institute,  Hampton,  Va. 

Ipsen,  Johannes,  Jr.,  M. P.H.,  Immunology.  Superintendent,  Institute  of  Labo 
ratories,  Boston,  Mass. 

Ireland,  Joseph  C.,  Ph.D.,  Biology.  Florida  Southern  College,  Lakeland,  Fla. 

Irvine,  Eleanor  S. ,  M.D,,  Pathology.  Pathologist,  Wichita  Falls  Clinic,  Wichita 
Falls,  Texas. 

Jackman,  Abraham  Izzak,  M.D.,  Neuropsychiatry.  Private  Practice,  Chicago,  IlL 

Jackson,  Kenneth  L.,  Ph.D.,  Radiobiology.  Biologist,  U.  S.  Naval  Radiological 
Defense  Laboratory,  San  Francisco,  Calif. 

Jacobson,  Frank  H.,  Ph.D.,  Mammalogy.  Assistant  Professor,  Physiology, 
Jefferson  Medical  College,  Philadelphia,  Pa. 
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